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RHENIUM AND TECHNETIUM COMPLEXES CONTAINING 
A HYPOXIA-LOCALIZING MOIETY 

This is a continuation-in-part of U.S. 
Serial No. 07/976,079 filed November 13, 1992, still 
pending, which is a continuation-in-part of U.S. 
Serial. No. 784,486 filed October 29, 1991, still 
pending. 

Background nf rftr inggmian 

Many of the procedures presently conducted in 
the field of nuclear medicine involve radiopharma- 
ceuticals which provide diagnostic images of blood 
flow (perfusion) in the major organs and in tumors. 
The regional uptake of these radiopharmaceuticals 
within the organ of interest is proportional to flow; 
high flow regions will display the highest 
concentration of radiopharmaceutical, whUe regions 
of little or no flow have relatively low 
concentrations. Diagnostic images showing these 
regional differences are useful in identifying areas 
of poor perfusion, but do not provide metabolic 
information of the state of the tissue within the 
region of apparently low perfusion. 

There is a need for new radiopharmaceuticals 
which specifically localize in hypoxic tissue, i.e.. 
tissue which is deficient in oxygen, but still 
viable. These compounds should be retained in 
regions which are hypoxic, but should not be retained 
in regions which are normoxic. a radiopharmaceutical 
with these properties will display relatively high 
concentrations in such hypoxic regions, with low 
concentrations in normoxic and infarcted regions. 
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Diagnostic images with this radiopharmaceutical 
should readily allow the identification of tissue 
which is at risk of progressing to infarction, but 
still salvagable in, for example, the heart and 
brain. 

It is well known that tumors often have 
regions within their mass which are hypoxic. 
These result when the rapid growth of the tumor is 
not matched by the extension of tumor vasculature. 
A radiopharmaceutical which localizes preferen- 
tially within regions of hypoxia could also be used 
to provide images which are useful in the diagnosis 
and management of therapy of tumors as suggested 
by Chapman, "Measurement of Tumor Hypoxia by 
Invasive and Non-Invasive Procedures - A Review of 
Recent Clinical Studies", Radiother. Oneol. ^ 
20(S1), 13-19 (1991). Additionally, a compound 
which localizes within the hypoxic region of 
tumors, but is labeled with a radionuclide with 
suitable a- or p -emissions could be used for the 
internal radiotherapy of tumors. 

As reported by Martin et al. ("Enhanced 
Binding of the Hypoxic Cell Marker [»h] Fluoro- 
misonidazole", J. Nucl. Med. , Vol. 30, No. 2, 
194-201 (1989)) andfHoffman et al. ("Binding' of 
the Hypoxic Tracer [H-3] Misonidazole in Cerebral 
Ischemia", stroke, Vol. 16, 168 (1987) );, hypoxia- 
localizing moieties, for example, hypoxia-mediated 
nitroheterocyclic compounds (e.g., nitroimidazoles 
and derivatives thereof) are known to be retained 
in hypoxic tissue. In the brain or heart, hypoxia 
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7, 2165-2168 (1991 U Jr ~ ' VCl ' 34 ' N °- 

suitable &! * radi °P^armaceutical 

is believed that nifoh./ ^"""^ 11 

°- Le ' undergo intracellular- 
enz^tic reduction (for example J n ^ 
"The Detection and Measured \ t' Chapoan ' 

zzltz dr~ 

» reactive epecies which MM £ fOI,,,ati °" ° £ 
, . , , olnd to or are trapped as 

intracellular components, providing for preferential 
entrapment in hypoxic cells. It is necessary, 
therefore, for hypoxia imaging compounds to possess 
certain specific properties; they must be able to 

10 traverse cell membranes, and they must be capable 
of being reduced, for example, by reductases such 
as xanthine oxidase. 
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ex—,,. »k routine clinical use. For 

' 'pT . "! 1 P " itt ° n - Mit "'" "°«P" <•«== as 
* reoui;"„^ , Pr0,iUCed """-lived, thus 

• si^ <Ui5, ' OStic be perfumed st 

10 worldwide, while *t»i M „ ! * ater8 

suitahi a • ^ u witn *h are not 

-Ho btifrSSr TTZ ^ ~ " b ' 
research studies only 

» <or'u.e' iitn X * "IT ~" iS "~ 
- • .hurt ,. nour, u^'T r erM - " 

25 svgtM,. . ' * c generator 

systems. As a result, over 80'/ of a i, 

Ph M sceut!: a i iirziut^ use of a " <,io - 

-at the compound be^d^C' 

rhenium dioxine and II I ■ aCld •**"«• « 

oioxis,. and technetium-99. dioxine co.pl.xes 
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Zit:: ~ etr;:r oies - «~ 

- therapeutic purpose 

obtain higher levels of T desirable to 

with this class 0 f , ! ' th ™ «*• achieved 

complexes it wL nitroiaidazole 
disclosed in ^tHoT^ ~™ 
similar to 2 -nit^Lr:; r ivatvetll™ 318 
Realize in hypoxic regions. Ta^TL * 
reduction of these compounds is ca^ ' 
xanthine oxidase. HoveVeTtnL ^ 
Poor ^rane permeabill^.' ^ ~£ 
compounds might be retainL k u t * e8e 

*«uW^£L£ ~ « such hm »u- 

—-i e « t. SSL 0 * °" d " itM 

iri.f c ..„, r .,._ 

in accordance with t^TT 
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processes for their preparation 
therapeutic methods for theS use dl39n ° StiC 
in particular, metal complexes *!' *" dlSCl ° 8ed ' 
rhenium complexes, which are lLl «" technetiuo «* 
localizing moiety, and wh" eia T *° * 
Permeahility through ceU ^ C ° nPleX haS 3 
that of -c-sucrosf 2 U ******** *"*ter than 
complexes are ^ IT^^ 
- the case of teZeZ^tT^ 
^ove d agents ^S^^S" *** 
rhenium radionuclides, sui^i ° f 
form these complexes may ^de 7? * 
limited to, di- lnclude - hut are not 

arming neutral ' J^L^T^ 
with the metal prefer^ £ " 
•ft.. Examples of such lill ° Xldati0n 
the formulae 9 * 31:6 "Presented by 




or 




Ic 




linking group and R 2 is a hypoxia localizi P g 
moiety; and wherein the other R groups are the 
same or different and are independently selected 
from hydrogen, halogen, hydroxy, alkyl, alkenyl, 

alkynyl, alkoxy, aryl, - C0 0R 3 , -1-NHR 3 / -NH 2 

^r' k7l ' i alk0Xyalky1 ' ^oxyaryl, haloalkyl, 
arylalkyl, - alkyl- C00R 3 , -alkyl-C0N<R 3 ) 2 , 
-alkyl-N(R 3 ) 2 , -aryl-C00R 3 , -aryl- C ON(R 3 ) 2 , 
-aryl-N(R 3 , 2f 5- or 6-membered nitrogen- or oxygen- 
containing heterocycle; or two R groups taken 
together with the one or more atoms to which they 
are attached form a carbocyclic or heterocyclic. 



-8-- 



RB905 



-(A) -J) 13 hydr ° gen ' 3 Protecting group or 

R 3 is hydrogen, alkyl or aryl; 
P = 2 to 5; and, 
P = 0 to 20. 

" should b * apparent that the disulfide of 

b bTJT redUCed t0 Corres P°^ g dithiol of 
Ibby toown methodology prior to complexing with a 

moiety (A, P Can be «* c ^«l 

moiety which can serve to physically distance or 

l 6 T e iS ° late ' hyP ° Xia ^aLing^i ty 

ShtT rest of toe cooplex ° f fo ™ ul * ' 

of ? lahlb ^ed in its action by the rest 

of the complex. For example in t „ 

wherein p is one A 0 /Z ^ UnJClng grOUp ' 

, . ' A ' or toe various A units in 

forming a straight or branched chain if p > ? m 

sstsjts -r 

cycloalkenyl,^, SS^' CyCl ° Slky1 ' 
oxygen, sulfur, X, _ H 

Z^ ' alkeny1 ' a ^oxy, aryl, 5- or 6-membered 

^own iTtrsMrir r rious iinkin9 9r ° ups 

18 "^"tood that p could be 
any convene value depending upon the desigt 
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choices for the desired complex. Preferably, p is 
< 20 and most preferably p < 10. 

Listed below are definitions of the terms 

ZJl * 6SCribe ^ C0IDPleXeS ° f this Mention. 
These definitions apply to the terms as they are 

used throughout the specification (unless they are 
otherwise limited in specific instances) either 
individually or as part of a larger group. 

The terms "alkyl", "alkenyl" and "alkoxy" 
refer to both straight and branched chain groups. 
Those groups having i to 10 carbon atoms are 
preferred. 

The term "aryl" refers to phenyl and 

IZT U T phenyl - preferred « — 

phenyl substituted with 1, 2 or 3 alkyl 
haloalkyl, aminoalkyl, alkylaminoalkyl , ' 
dialkylaminoalkyl, alkoxy, alkoxyalkyl, halogen, 
amino, hydroxy, or formyl groups. 

The terms "halide", "halo" and "halogen" 
refer to fluorine, chlorine, bromine and iodine 

The expression "5- or 6-membered nitrogen 
containing heterocycle" refers to all 5- and 
6-membered rings containing at least one nitrogen 
atom. Exemplary aliphatic nitrogen heterocyclic 
derivatives have the formula 

7 CH 2 -(CH 2 W 
HN X A 

N ^CH 2 -CH 2 ^' 

wherein r is 0 or land A is -0-, -h-r,, 

CH-R 6 wherein R 6 is hydrogen, alkyl, aryl or 
arylalkyl. such groups include pyrrolidinyl , 
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piperidinyl, morpholinyl, piperazinyl, 4-alkyl- 
piperazinyl, 4-alkylpiperidinyl, and 3-alkyl- 
pyrrolidinyl groups. Also included within the 
expression "5- or 6-membered nitrogen containing 
5 heterocycle" are aromatic groups. Exemplary 

aromatic groups are pyrrolyl, imidazolyl, oxazolyl, 
pyrazolyl, pyridinyl, thiophenyl, pyridazinyl, 
thiazolyl, triazolyl and pyrimidinyl groups. The 
above groups can be linked via a hetero atom or a 
10 carbon atom. 

The expression "5- or 6-membered nitrogen 
or oxygen containing heterocycle" refers to all 5- 
and 6-membered rings containing at least one 
nitrogen or oxygen atom. Exemplary groups are 
those described above under the definition of the 
expression "5- or 6-membered nitrogen containing 
heterocycle". Additional exemplary groups are 
l#4-dioxanyl and furanyl. 

Detailed Descripti on of th» invention 
It has now been found that metal complexes 
having a permeability through cell membranes 
greater than that of "c-sucrose provide enhanced 
products when linked to a hypoxia localizing 
moiety. Depending upon the metal used, complexes 
employing such hypoxia-localizing moiety-containing 
ligands are useful as imaging agents, therapeutic 
agents, radiosensitizers and hypoxic tissue cytotoxins. 

Cell permeability is a property of a cell 
membrane which describes the mobility of 
extraneous molecules (permeants) within the 
internal structure of the membrane (w. d. stein, 
"Transport and Diffusion Across Cell Membrane", 
Mew York Academic Pr»« g (1986); A. Kotyk, 

K. Janacek, J. Koryta, Biophysical Chemistry 



20 



25 



30 
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o f_Membrane Functions , Chichester, UK: John Wiley 

is ii Tr } - Moiecuies to «- — ^ 

IT are able to penetrate through the 

membrane to reach the environment on the opposite 

The examples which follow utilize a model 
of cen permeability based on the studies of Audus 

ZL^TT ( " B ° Vine Braln "Vessel 
^dothelxal cell Monolayers as a Model System for 
the Blood-Brain Barrier", Ann. Hew M L., 
2S±. 1988; 9-18). The model consists of a 
cultured monolayer of bovine brain endothelial 
TraL't?/ 11 fOIB *** int «-"^ar Actions. 

ctllt^L h C ° aPOUndS t0 Cr ° SS «» ^ct 
cell membrane by passive, active and/or 

SST di " U8i0n meCWSa£ - »- «te of 
transit is compared with *H,o f. h-i„»,n 
tracer) and "C-sucrose ^My permeable 

a« Hi sucrose (a non-permeable tracer) 

As discussed above in er ; • 

invention ittH h aCC ° rdance wit » ttaa present 
ention, it has been found that complexes 

llT P Zi:^ OKla 10CaliZi - ^ -having 
cell permeability greater than that of sucrose 

provide benefits to diagnostic and/or tnerapeuti. 
Procedures employing such complexes 

The present complexes, when used with a 

w^nT "I"' Pr ° Vide l6VelS ° f ^o- ide 
£thm hypoxic tissue sufficient to enhance 
diagnostic and therapeutic 

complexes. era P eutl <= methods employing such 

Exemplary complexes of the present 
invention can be shown as 
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where the R groups are as defined above, where 
lZ T a h radi ° aCti - - non-radioactive ZZl 

ZT*? " 0th6r li9and(s ) X Y in tn e 

unfilled coordination sites. For example in ^ e 
cases where M = rheniu* or technetium Z 



X 



1 

Portion can be shown as 
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Any radioactive metal can be employed in the 
present complexes, for example, technetium or 
rhenium for the complexes of lb', and technetium 
for the complexes of la- . Rhenium includes Re-186 
and Re-188 radionuclides and mixtures thereof, and 
may also include Re-185 and Re-187. Technetium 
includes Tc-99m, Tc-94m and Tc-96. 

Complexes of the present invention have not 
been heretofore disclosed and are useful in that 
they utilize the properties of the hypoxia 
localizing group to provide imaging or treatment of 
hypoxic tissue at a particular site. The complexes 
of the present invention wherein M is technetium 
provide highly effective, relatively easy to use 
diagnostic imaging products which are characterized 
by a covalent bond between the radionuclide complex 
and the hypoxia localizing group while substantially 
retaining the retention properties of the free 
hypoxia localizing group, it can be appreciated 
that typical examples of diagnostic uses for the 
complexes of the present invention when M is 
technetium include, but are not limited to, imaging 
of hypoxic tissue, present under pathological 
conditions in e.g., the heart, brain, lungs, 
liver, kidneys or in tumors. 



- 14 - 



RB90b 



tissu. ? h n C ° bSin9 US6fUl in ima ^ h ^°*- 

tissue the present complexes can also be used as 

blood flow markers, i.e.. for perfusion imaging. The 
xnxtxal distribution of the novel complexes is 
Proportional to blood flow and therefore imaging 
carr.ed.cut soon after administration is an indicator 
of perfusion. A short time later, as the present 
complexes wash out of the normoxic tissue but are 
retained in the hypoxic tissue. Paging of the 
hypoxic tissue is realized. 

stablv ^ di H ti0nally ' the P" s ^ invention provides 
stably bound complexes when M is Re for radio- 
therapeutic indications. To the extent that 

jzt c tis r is taown c ° be PreSent in «* 

complexes of the present invention are suitable for 
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radiotherapy. The compounds of this invention when 
« « Re for use in radiotherapy can be injected 
into humans and concentrate in hypoxic tissue. 
This allows for the targeting of radionuclides to 
the deseed sites with great specificity, it is 
understood, however, that radiotherapy will only be 
Possxble xn those areas where a sufficient quantity 
of hypoxic tissue is present so as to provide 

10 ZZZT levels o£ rheaiun t0 the ~ 

EX8 " PleS ° f hypoxia Realizing groups are 
hypoxia-mediated nitro-heterocyclic groups, (i e 
nitro-heterocyclic groups that can be trapped by" 

15 ^1^^ r6dUCtiCn ° f tte nitro • 

aid Ho^T ^ th ° 8e ^ K0h "t-al. 

and Hoffman et al. references above, hypoxia- 

!^ "l g "° ieUeS those described in 

The Metabolic Activation of Nitro-Heterocyclic 

2 o Zl2lT lc A9eats "' G - L - Kedderis et al ^ 

Z ITI T R " ieW - ' 19U) ' P - 33 ' 62 ("88,, ^oxia 

"IZT Nitr °" HeterOCyCliC - the Radiol 

Chemotherapy of Cancer", g. e. Aaaas , et al 
Biochem. P hamaenl nm, Vol 3S 

— — —-— ax/ voi. 35, No. 1, pages 71-76 

25 lit • Structure - A «tivity Relationships of 
25 Instituted 2-Kitroimidazoles: Effect 0 f Partition 
coefficient and sidechain Hydroxyl Groups on 
^sensitization Ia vitro", D. „. Brown et al ., 

Slt—^'. 90 ' 98 - 108 "Structure-Activity 
30 r1os2> PS " ^ DeVel ° Pment of HWoxic cell 

Sggi B10J ~ ' Vo1 ' 35 ' No. 2, 133-150 71^77 and 

Structure-Activity Relationships in the Develop- 
»ent of Hypoxic Cell Radiosensitizers " , c. e. Adams 
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et al., Int. J. Radiat. Biol. , Vol. 38, No. 6, 
613-626 (1980). These all disclose various nitro- 
heterocyclic moieties suitable for incorporation 
into the complexes of the present invention and are 
incorporated herein by reference. These compounds 
comprise a nitro-heterocyclic group which may 
include a sidechain, (A)^, which can serve as the 
linking group connecting the nitro-heterocyclic 
portion to the rest of the complex of formula I of 
this invention. 

When the hypoxia localizing group is a 
hypoxia-mediated nitro-heterocyclic group, the 
linker/localizing group portion of the complex. can 
be represented by 



N0 2 




N0 2 




or 
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the ring portion being a 5- or 6-aeabered cyclic 
or aromatic ring, wherein 7 

n is the total number of substitution 
positions available on th. c UOn 

aixanie on the 5- or 6-membered ring; 

the one or more r 7 substituents are 

ny^roxv ,ie0 ^ 1 8eleCted ^ 

hydroxy, alky!, aryl, alkoxy, hydroxy-alkyl, 

lS~ Xy ^ keny1 ' aiylalky1 ' ^Xamide, 
alkylamide, alkylamine and (alkylamine)alkyl; 

-CR - ™ be nitr ° gen ' °^en, s m fur , . C R 4 , 
-CR 7 -, cr 7 r 7 or -CRR-; and 

Tne references, above — w 

localizing Boieties serve to'iUuTtrtl ^ 

afflcS V ^'-heterocyclic group directly 

ll^T ltSreteati ° n *» **PO*ic tissue. The 
linking group, (A) may be 

only according to Its capacity to distance ^e 
hypoxia locali 2iag moiety from the resTo" £ 
complex, but also in accordance with its effect on 
the reduction potential of th. u 
nitro-h^-^ , ° f hypoxia-mediated 

mtro-heterocyclic group 

sir 2 ? = — • - 

imidazoles which can be represented by 



-18-- 



RB90b 



N °2 \ 

•I < R 7) 2 (R 7) 



a ' h »»! HO, 



ujj p 



and nitrofuran and nitrothiazole derivatives, 
as -(A)^^^ ^ . (A)p 



N0 2 



Exemplary groups (including (A) Unking g~ ) 
"elude, but are not limited to? 
CH, 

OH I 

-CHOH-CH 2 -Q, , -CH 2 OCH 2 -^CH 2 -A, , 



2 



NO, 

I 




N0 2 



F 2 N0 2 j» 2 

^=4=J OH I I 

Ilkyl 
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CH 2 -0-C-NH 2 
-C* 2 -N^ -OCH 2 -CH-CH 2 -N 

0 

W 



II 
O 



0 

-NH-i:-Ma-N*CH-^ 0 



0 



N0 2 



where g = o to 5. Most preferred are nitroinada- 
zoles and derivatives thereof. 

»• "«Wd. of foraula'la can be prepared 
by known ae thods such as those described in U. s 
Patent 4 615 87e. For e X anp le an al kyle ne diJne 
of the formula 



n „/ (CRR) »\ 



H 2 N KH 2 
is reacted with one equivalent of the chloro oxime 



R R 

TTT I I 

ili R-C-C=NOH 

i 

CI 



•j 
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to provide the diamine men oxi*e 



10 



15 



IV 



v 

A 



/ (CRR >»\ 



R' 



r 

OH 



20 



III' 



to provide 



> I ' ' '<> 

R-C— c=NOH 
CI 



25 



la" „ / 




(CRR >»\ 
NH HN 



N N 




Sb " (A) P" R2 • 

30 Alternatively, to prepare a compound of the 

formula la", a compound of the formula III- may be 
reacted with a compound of the formula II, and the 
diamine monoxime formed having the structure: 
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(CRR)m 



10 



R 2 -(A) p 



reacted with a compound of the formula III. 

Compounds of formula la having the hypoxia 
localizing moiety, R 2 , (and optional linking 
group) on the alkylene portion 



15 



la' 




2o where s = 0 to 4 and t » 0 to 4 with the proviso 
that s + t is not greater than 4, can be prepared 
by reacting a compound of the formula 



25 




with two equivalents of a compound of formula III 
when the oxime portions are to be identically 
30 substituted. Similarly, when the oxime portions 
are to include different substituents , a compound 
of formula V can be reacted with one equivalent of 
a first compound of formula III and the so-formed 
intermediate can thereafter be reacted with one 
equivalent of a second compound of formula III'. 
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Exemplary compounds of the formula la also 
include the disubstituted compounds: 




10 R 2 

i 

which may be prepared by reacting two equivalents of a 
compound of the formula III' with one equivalent of a 
compound of the formula II; and the trisubstituted 
^compounds I* 



20 




□r 



N ^' P " R 2 



DH OH 

which may be prepared by reacting two equivalents of 
a compound of the formula III 1 with one equivalent of a 
compound of the formula V. 

A novel and preferred process for preparing 
25 the compounds of formula la. is outlined below. 
This novel process is also useful for preparing 
any alkylene di amine dioxime. 

The novel process for the preparation of 
PnAO derivatives could easily be adapted to 
prepare compounds outside of the scope of this 
disclosure by those skilled in the art. 

The novel process involves the use of a 
haloketone instead of the chloro oxime of compounds 
III and III 1 shown above. Thus, in its broad 
aspects, the novel process involves the preparation 
of alkylene diaminedioximes by first reacting an 
alkylene diamine with two equivalents of a halo- 
ketone and converting the so- formed dike tone to the 
corresponding alkylene diaminedioxime. Similarly, 
where different oxime portions are desired the 



30 



35 
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alkylene diamine can be reacted with one equivalent 
of a first haloketone and then with one equivalent 
of a second haloketone. The so- formed unsymmetrical 
diketone is converted to the corresponding dioxime 
by known methodology as discussed above. 

For example, the diamine II of the formula 



10 



II 



/CS^mX 
H 2 N H 2 N 



can be reacted with the haloketone 



15 



20 



25 



30 



35 



VI 



R R 
I l 
R-C-C=0 



halogen 

where halogen can be Br, 
to provide the diketone 



CI, I, F, preferably Br, 



VII 



V 

R 



R 0 



/< CRR >m\ 

m hn 



I R 

Y 

R 



O R 



Diketone VII can be converted to the corresponding 
dioxime product by known methods, e.g., treatment 
with O-trimethylsilyl hydroxylamine. 

When each of the oxime portions of the final 
product are intended to be different, the novel 
method herein involves reacting a compound of 
formula II with a chloro oxime of formula III to 
provide the diamine monooxime of formula IV. The 
monooxime IV can thereafter be reacted with the 
differently substituted haloketone VI to provide 
the monoketone 

/" 

VIII R NH 

A 



HN 



f R 



R N 



^Y 

O R 
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corre M °« oket ^ Vlii can be converted to the 

equivalent „ f " reacted with one 

s^Ih 3 " hal ° ketone °f VI and the 
so-f or »ed intermediate can thereafter he reacted 
with an equivalent of a second halofcetone of VI 
to o MB iCaUy " gardi ^ the novel process' 

ToZ ? Pr ° dUCtS ° f f0roula **■ a diamine of 
formula v can he reacted with two equivalents of 



VII' 




- the alkylMe portion of ^ h % *> > 
Unsy-etrical compounds of forma. „ cim 

ve ' 1>e -' the sequential 
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coupling of two dissimilar haloket nes of VI to an 
alkylene diamine of I I or V. 

Similarly, a compound of formula IV can be 
reacted with a compound of the formula 

R'R' . 
VI' R'-C-C=0 
halogen 

where R' = r „ it h the proviso that one of the R' 
groups must be -(A) p -R 2 , e.g., 

VI 'a R-<j:--c=o 
halogen 

to provide, in the case using VI- a, the corresponding 
ketone-oxime 



(CRR)v 

A R \y m HN r- 



A 
R 



0 R' 
OH 



(where one of the R- groups must be -<A) -R 2 ) 

Ketone-oxime IX can be converted to the 
dioxime of ia» using known methodology as shown 
above. 
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To prepare the compounds of the formula 



lb' 



R 
R- 



R S 



S R 
I 

Ri 



a compound of the formula 



R nh mi r 



R 

R S- 



V 



.at 1 

-S N R 



(prepared as described in WO 89 10759 to 
Mallinckrodt) 

can be coupled with a compound of the formula 



XI 



L-(A) p -R 2 



where L is a leaving group, e.g., halogen, to 
provide 
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XII 



_ / (CRR) riK/< A ) p -R2 



if 

R S- 




10 



15 



20 



can «.„ / ertlary attine ^sulfide of formula XII 
can thereafter be reduced to the desired dithiol 

elnvl^ \ * 39entS ' e ' g " ^<2-carboxy- 
L^lT ne ' dithi0threit ° 1 ' the like, as 
dasclosed for example in the aforementioned 
WO 89 10759. Alternatively, the disulfide X can 
be reduced to the dithiol form prior to coupling 
with compound XI. In this case , standard ^ ^ 
protection should be employed prior to coupling 

To prepare the compounds of the formula 



25 



30 



lb"' 
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a compound of formula V can be reacted with . 
compound of the formula 



XIII 



R 

R S« 



1 



V 

k. 



^R 
R 

.A 



(prepared as described in Kung et al., "Synthesis 
and Redistribution of Neutral Lipid-soluSf 
Tc-99m Complexes that Cross the Blood-Brain- 
Barner-, J. Nucl. Med., 25, 326-332 (1984)) 

to provide compounds of the formula 



(CRR^i^cRR). 
R N 1 l - 



XIV 



X 



R 

\ 

r' s • 



N 










(■ 








R 



aoent ° f COffl Pound XIV with a reducing 

agent, e.g., sodium borohydride, provides 
intermediates of the formula 
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XV 



(CRR) 



R NH 

X 



1V ? 

R^RRL 
I t 
HN R 



X 



R 



which can be reduced to the corresponding 
disulfide products of ib» using known sulfide 
reducing agents as discussed above. 
Compounds of the formula 



lb'" 



R ME 



(CRR) 



X 



R 



SR, 



HN R 



where Z and/or W are -< A) R , ^ ^ ^ 
and w can be R, 



l^ b ; r ePaied USin? toOWn Pe * tide C0 «Pling 
methodology. For example, a compound of the 
formula 



XVI 



/ (CRR >«\ 
H 2 N COOC 2 H 5 
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c upled with a compound of the formula 
COOH 



XVII 




to provide intermediates of the formula 



Intermediate XVI I I can thereafter be 
coupled with a compound of the formula 




COOH 



15 



XIX 




20 



R 



25 



wherein Z and W are as defined above in formula 
lb* 9 , to provide 
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XX 



10 



15 



10 



5 



3 




Reduction of compound XX, e.g., by 
treatment with borane, provides compounds of lb'' 
having the following structure 



XXI 



/ | 

y m en 



/^SR, RlS 
R 



^ in all of the above reactions described for 
Preparing compounds of this invention, it should be 
readily apparent to those skilled in the art that 
sulfur groups, amine groups and ketone groups may 

21 t^ a ?: h Pr ° teCted dUrin9 Various "actions 

I S °" Pr0teCted " s ^ting products can 
thereafter be deprotected by known technics. 

All of the examples and the process 
description below wher» m ■!« v • 
us* n * u 18 rheniu » involve the 

use of "carrier rhenium" excent « 
The Dhr aR « except as otherwise noted. 

colour , rheniUm " meanS *»« rhenium 

compounds used contain non-radioactive rhenium at 
concentrations of >io' 7 m. 
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Preparation of the complexes of this 
invention wherein M is rhenium can be accomplished 
using rhenium in the +5 or +7 oxidation state. 
Examples of compounds in which rhenium is in the 
5 Re (VI I) state are NH 4 Re0 4 or KRe0 4 . Re(V) is 
available as, for example, [ReOCl 4 ] (NBu 4 ) , 
(ReOCl 4 ](AsPh 4 ), ReOCl 3 (PPh 3 ) 2 and as 
Re0 2 (pyridine ) 4 ®. Other rhenium reagents knpwn to 
those skilled in the art can also be used, 

10 Preparation of the complexes of this 

invention wherein M is technetium can best be 
accomplished using technetium in the form of 
the pertechnetate ion. For Tc-99m, the pertechne- 
tate ion can best be obtained from commercially 

15 available technetium-99m parent-daughter generators; 
such technetium is in the +7 oxidation state. The 
generation of the pertechnetate ion using this type 
of generator is well known in the art, and is 
described in more detail in U. S. Patent No. 

20 3,369,121 and 3,920,995. These generators are 
usually eluted with saline solution and 
the pertechnetate ion is obtained as the sodium 
salt. Pertechnetate can also be prepared from 
cyclotron-produced radioactive technetium using 

25 procedures well known in the art. 

The formation of the technetium complexes 
proceeds best if a mixture of pertechnetate ion in 
normal saline is mixed with the appropriate ligand 
containing at least one R group of the form 

30 -(A) p -R 2 where (A) p is a linking group and R 2 is a 
hypoxia-localizing moiety. An appropriate buffer 
or physiologically acceptable acid or base may be 
used to adjust the pH to a value suitable for 
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J-igands of type la a nn 

to ~9 5 should V b8tWeen ~ 5 ' 5 

5 in tL U86d ' "* Preferab ^ a p H value 

the rfflge 7.0-8.5. For Uganda of the type 
lib, a P H value in the range 3-8 should be used, 

reducing agent is then added to bring the 

21 ^/ Wlth ^ Ugand ' Sta «">us «n is 
the preferred reducing agent, and may be 

"Produced in for » <»£ a stannous salt such as 
tannou, chloride, stannous fluoride, stannous 

tartrate, stannous diethylenetriamine pentaacetir 
15 acid or stannous citrate, but other suitable reducing 

agents are known in the art. The reaction is_pref erably 
run in an aqueous or aqueous/alcohol mixture, "at or about 
room temperature, using a reaction time of about 1 
minute to about 1 hour. The reducing agent should be 
20 present at a concentration of 5-50 V g/ m lJ The ligand 
should optimally be present in a concentration 
of 0.5-2 mg/ml. 

Alternatively, the technetium complexes of 

of Z ! IT' ^ " Prep " ed * *»» reduction 

lllTe JZ ^ PreSenCe ° f 3 U9and whi <* forms a 
labile technetium complex, such as mannitol the 

.t^T f reducing agent such as the 

stannous salts described above is added, which 
causes the formation of a ! 

w.on of a labile reduced complex of 
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Tc with the exchange ligand. This reduced Tc 
-U) R ^ 01X6(1 With 

above. The ZlT^t^ ** <" deS ~ ibed 

frl ,k eXChan ^ e is displaced 

fro. the metal by the ligand containing tL hypoxia 
locating noiety , ttU8 fora . ng tfae de ^ e *P™- 

technetium complexes of this invention 

of thi*" " C ° nVenient to P"P*« the complexes 
of ^this invention at, or near, the site where they 
are to be used, a single, or multi-vial kit thH 
contains all of the components needed t ^ 
the complexes of this invention (other than Z 

^Z^T^ ^ - - — of 

A single-vial kit would contain ligand a 
ZlZll Salt ' - pharmaceutic 

bufLel :: ducing agent ' and be 

buffered with pharmaceutically acceptable acid or 

Z 2' , J P" fe "^ that the kit contents be 
111 ^ ^^"d form, such a single vial kit 
-y optionally contain exchange ligands lucn « 
g ucoheptonate, gluconate, mannitol malate 
citric or tartaric acid and can also contain 

penLr t ° 0difierS ' SUCh " ^ethylenetriamine- 
Pentaacetic acid or ethyl enedi amine tetraacetic 
«d. Additional additives, such as ^SSL 
(for example a- a- ^ , ^"ciiizers 

dants (for L! \ ^-cyclodextrin ) , antioxi- 

aants (for example ascorbic acid), fiii ers ( for 

: NaC |> ~* * necessary to impro" 

product StabUit ^ of «- final 

Product, or to aid in the production of the kit 
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A multi-vial kit could contain, in one vial, 
the ingredients except pertechnetate that are 
required to form a labile Tc(V) complex as des- 
cribed above. The quantity and type of ligand, 
buffer pH and amount and type of reducing agent 
used would depend highly on the nature of the 
exchange complex to be formed. The proper condi- 
tions are well known to those that are skilled in 
the art. Pertechnetate is added to this vial, and 
after waiting an appropriate period of time, the 
contents of this vial are added to a second vial 
that contains a source of the ligand containing the 
hypoxia-localizing moiety, as well as buffers 
appropriate to adjust the pH to its optimal value. 
After a reaction time of about 1 to 60 minutes, the 
complexes of the present invention are formed? It 
is advantageous that the contents of both vials of 
this multi-vial kit be lyophilized. As described 
for the single vial kit, additional additives may 
be necessary to improve the radiochemical purity 
and stability of the final product, or to aid in 
the production of the kit. 

Alternatively, the multi-vial kit may 
contain a source of ligand containing the hypoxia 
localizing moiety in one vial and a source of 
stannous ion in the second vial. Pertechnetate is 
added to the vial containing ligand, and then the 
contents of the second vial are added to initiate 
labeling. As above, the quantity and type of 
ligand, buffer pH and reducing agent used would 
depend on the nature of the hypoxia-localizing 
ligand and reducing agent used. Again, it is 
advantageous that the contents of both vials be 
lyophilized. 
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The complexes of this invention can be 
administered to a host by bolus or slow infusion 
intravenous injection. The amount injected will be 
determined by the desired uses, e.g. to produce a 
useful diagnostic image or a desired radiothera- 
peutic effect, as is known in the art. 

Preferred complexes of this invention are 
those wherein the hypoxia localizing moiety is a 
hypoxia-mediated nitro-heterocyclic group. Most 
preferred are those wherein the hypoxia localizing 
moiety is 2-nitroimidazole or a derivative thereof. 

In the complexes of the present invention 
the preferred values for (A) p are alkyl, oxa-alkyl, 
hydroxy alkyl , hydroxyalkoxy, alkenyl, aryl alkyl, 
arylalkylamide, alkylamide, alkylamine and ( alkyl - 
amine) alkyl. 

The most preferred values for (A) p are 
selected from -(CH 2 )t^ 5 > -CH 2 -CH=CH-CH 2 - , 



-(A3-O-A3 1 ) 1-3 and -(A3-NH-A3 1 ) 1 . 3 ; wherein A 3 
and A 3 1 are the same or different alkyl. 
Preferred complexes are 

R 





0 



0 



and 




H 
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10 




where Ml is technetium and M 2 is technetium or 
rhenium and wherin at least one R group is 
-<A) p -R 2 . 

The following examples are specific 
embodiments of this invention. 
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Example l 

3 ' 3 < 9^-Tetra B ethyl.l-(2-nitro-lH-imidazo-l-yl )- 
4 , S-diazaundecane-2 . i o- dione di 

A ' ^-(DimethYlallvD-^-n^^^^.,-^ 

Sodium bicarbonate (0.42 g, 50 mmol) and 
dimethylallyl bromide (3.28 g, 22 mmol) were added 
to a suspension of 2-nitroimidazole (2.26 g, 20 
nmol) in dry acetonitrile (io mL). The mixture 
was stirred under reflux for 16 hours. The 
solvent was removed under reduced pressure, and 
the residue was dissolved in ethyl acetate. The 
solution was filtered, and dried with anhydrous 
sodium sulfate. Removal of the solvent gave an 
oil which was recrystallized from petroleum eXher 
(35-50OC). Yield 1.83 g, m . p . 4 8-49«C. A H NMR 

5.1 (d, 2H), 1.93 ( S , 3H) and 1.90 (s, 3H). 



B. 



3-Chloro-3-methyl-i-(2-nitro-lH-imida2o- 
1-yl )-2 -nitrosobui-ano 



Concentrated hydrochloric acid (l mL, 10 
mol) was added slowly to a stirred suspension of 
the title A compound (1.81 g, io mmol) in isoamyl 
nitrite (l.i 8 g, io mmol) at 0«C, with vigorous 
stirring. The solution was allowed to come to room 
temperature, and was stirred at this temperature 
for 4-6 hours. The precipitated solid was filtered 
and washed thoroughly with ethanol and dried 

y^c* °' 31 9 ' 102 - 108 ° c (decomp). » H NMR 

(DMSO-de, • 11.9 (s, IH), 7.25 (s, IH), 7.05 (s, 
5.45 (s, 2H) and 1.8 (s, 6H). 
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C . N- ( 3-Aminopropyl ) -1-amino-l , 1 -dimethyl -2- 
butanoneoximg 

A suspension of 3-chloro-3-methyl-2-nitro- 
J"e (2 . 72 g , 20 mol (prepared ^ 

5. E. G. Vassian et al., Inorq. ch em 1967 . 
6:2043-2046)) in methanol (2Q ^ ^ ^ 

wise to a solution of 1,3-diaminopropane (8.8 g, 120 
-ol xn dry methanol ( 15 During ^ J[ £ 

io UsT^i toe reaction ■ 4,rt ™ was S *"'* " 

wis ail , ^ additi ° n ' " aCti - «*«ur. 
was allowed to come to room temperature and then 
heated under reflux for 6 hours. Methanol was 
removed by distillation and the residue was treated 

is fi£ T r C °° led in ice - »--olldv„ 
15 Jeered and washed with ice cold water. The 

hv^xid WaS / djUStCd to > H « -ith 10% sodium 
hydroxide and then evaporated to dryness under 
reduced pressure. The gummy solid was repeatedly 

20 JT'T ' Wlth iS ° Prop ^ eth « «d the cpmhined 
20 filtrate was cooled and filtered. The filtrate 
was concentrated and the oily residue was a^ 
extracted with 1,1 hot ether/hexanes . The combined 

ot the solvents gave a semi-solid which was 
recrystallized from hexanes/ether twice to yield a 
colorless solid, yield: 1.8 g, «. p . 72 - 7 l c L 
« <^O.d 6 , a 2, (t, 2H), 2.3 <t, l ^ J, 
3H), 1.5 ( m , 2H) and 1.2 ( S/ 6H). 

10 D * 3 ' 3 ' 9 ' 9 - T etramethyl-i-(2-nitro-iH-imida2o- 
1-yl >-4 , 8-di fl7 aun>irr a ne-2 . , n.^ — - lM 

the titLT yUSOPrep y lan " e (2.6 g, 20 mmol, and 
the title B compound (2.47 g, io mmol) were added 
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to a solution of the title c compound (2.0 g, 12 
mmol) in dry dichloromethane (15 mL) The 
resultant mixture was refluxed under nitrogen for 
16 hours. The reaction mixture was diluted with 
15 mL of anhydrous ether and the precipitated 
solid was filtered and thoroughly washed with hot 
1:1 ether/dichloromethane several times The 
dried solid was powdered and stirred with 25 mL of 
water at 5-c for 10 minutes. The insoluble 
material was removed by filtration and washed 
several times with ice-cold water until only one 
peak was observed on HPLC analysis. The product 
was obtained as a pale yellow solid after air 
drying for several hours, yield X . 21 g , m . p 
146-148-C 1 H NMR (CD3OD) a 7.4 (s, 1H) , 7 . 18 (s, 

(8, 3H, N-C-CH3 ) » 1.6 (m, 2H, C-CH 2 -C). 1.35~<s, 

M.S. 384 (M+H) and 401 (M+NH 4 ) . 

Analysis calc'd for C 16 H 29 N 7 o« .'2. 5 H 2 0: ' 

C, 47.33; H, 7.20; N, 24.15; 
Found: C, 47.26; H, 7.24; N, 22.58. 



Example 2 

3,3,9, 9-Tetramethyl-l- (4-nitro-lH-iaidazo-l-yl ) . 
4 , 8-dia 2 aunrtecane-2 .m.^ ^ e d±a ^ mo 



N- (Dimethyl an yi r _, .nitroimidazole 

50 ,t S ° 1Uti0n ° f 4(5 >- ni troimidazole (5.65 g, 
50 mmol) m dry dimethyl formamide (10 mL) was 
treated with anhydrous sodium bicarbonate (8.3 g, 
100 mmol, and stirred for 15 minutes. 4-Bromo- 2 : 



-41- - 



RB90b 



methyl-2-butene was added to the reacti n mixture 
dropwise at room temperature and stirred under 
nitrogen at 50-60*c for 16 hours. Dimethyl- 
formamide was removed under reduced pressure and 
the residue was taken up in ether (100 mL) . The 
ether layer was washed with water and dried over 
anhydrous sodium sulfate. Evaporation of ether 
left behind an oil which was repeatedly washed 
with petroleum ether (5 x 25 mL). The resulting 
pale red oil was homogeneous on TLC and was taken 
on to the next step without further purification. 
Yield: 7.95 g. 1 H NMR (CDCI3) 6 1.7 (s, 3H, Me), 
1.75 <s,.3H. Me), 4.6 (d, 2H , N-CH 2 ), 5.4 (t, 1H, 
olefinic H) , 7.5 (s, 1H, imi H) and 7.8 (s, 1H 
i»i H). M.S. [M+H] + 182. 

B . 3-Chloro-3-methyl-l- ( 4-nitro-lH-imidazo- 

1-Vl )-2-n itrosobui-. a n < » 

A solution of the title A olefin (7.9 g, 40 
amol) and isoamyl nitrite (5.3 g, 45 mmoi) in 
dichloromethane was cooled to 0»C and was treated 
with dropwise addition of concentrated hydrochloric 
acid (5 mL, 50 mmol) keeping the reaction 
temperature at 0-5'c. The reaction mixture was 
stirred until all the starting olefin was 
consumed (by TLC, approximately 2 hours). The 
precipitated solid was filtered off and washed with 

V* dXl,d ^ VaCUUm " r0 ° m temperature 
for 16 hours. The product was used without 

further purification. Yield: 0.6 g, m.p. 120-122'c. 

H NMR (DMSO-d 6 ) 6 1.9 ( s , 6H , gea dimethyls), 5.18 

<s, 2H, N-CH 2 ), 7.94 (s, 1H, imi H) , 8.32 (s, 1H, 

m H) 12 ' 24 < s ' 1H, N-OH). M.S. [ M+ H] + 247. 
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C • 3,3,9, 9-Tetramethyl-l- ( 4-nitro-lH-imidazo- 
1-yl )-4, S-diazanndecans-? i n_ dione dioximp 
To a solution of the title c compound of 
Example 1 (0.356. g, 2 mmol) in dry dichloromethane 
(5 mL), diethylisopropylamine (0.36 g, 2 mmol) was 
added followed by solid title B chloro oxime (0.446 
g, 1.8 mmol) and the mixture was refluxed with 
stirring under nitrogen for 16 hours. The crude 
product was adsorbed onto flash silica gel and 
chromatographed. Elution with 15:85 MeOH/CH 2 Cl 2 
yielded a gum which was recrystallized from 
isopropyl ether and acetone three times to yield a 
colorless solid. Yield: 0.06 g, m.p. 152-154-C. 
'HNMR (DMSO-de) 6 1.17 (s , 6H , 2CHa)> ^ (s ^ 
2CH 3 ), 1.41 (m, N-CH 2 -CH 2 -N, 2H), 1.76 (s, 3H, 
N=C-CH 3 ), 2.26 (m, 4H, N-CH 2 ), 4.98 (s, 2H, imi 
«-CH 2 ), 7.9 (s, 1H, imi H) , 8.29 (s, 1H, imi H), 
10.42 (s, 1H, N-OH) and 11.63 (s, 1H, N-OH). 
Analysis calc'd for c x 6 H 29 N 7 o 4 -H 2 0: 
C, 48.96; H, 7.45; N, 24.98; 
Found: C, 49.11; H, 7.49; N, 24.76. 



Example 3 

4.4,10, 10-Tetramethyl-i- (2-nitro-lH-imidazo-l- 
yl?-5,9-diazadode Ca n^-^ n-dione riinxime 

A. N-(4-Methylpent-3-en-l-yl )-2-nitroimi- 
dazole 

To a solution of 2-nitroimidazole (3.0 g, 
27 mmol) in dry dimethyl formamide (25 mL) was 
added anhydrous sodium bicarbonate (4.2 g, 50 mmol) 
followed by 5-bromo-2-methyl-2-pentene (5.0 g, 
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30.67 mmol). The reaction mixture was heated 
at 60-70-c with stirring under nitrogen for 16 
hours, solvent dimethyl formamide and the unreacted 
bromide were removed under reduced pressure «1 mm) 
at 50-60'c to yield a paste which was dissolved in 
water (50 mL) and extracted with ethyl acetate (5 x 
50 mL). The combined organic extracts were dried 
and concentrated to give a brown oil which was 
recrystallized from petroleum ether (b.p. 40-60'C) 
to yield a yellow solid, yield: 4.8 g, m.p 
51-52»C. i H «R (CDC1 3 ) 6 1.55 <s, 3H, CH 3 ), 1.75 
U, 3H, CH 3 ), 2.7 <q, 2H, Olefinic CH 2 ) , 4.5 (t 
2H, N-CH 2 ), 5.2 (t, IB, olefinic H), 7.1 (s, IH,' 
imidazole H), 7.2 (s, IH, imidazole H). M.S. 
[M+H] 196, [M+NH«] + 213. 

B • 4-Chloro-4-methyl-l- ( 2 -nitro-lH-imidazo-1- 

yl )-3-n itrosopentane 

Isoamyl nitrite (1.4 g, 12 mmol) was added 
to an ice-cooled solution of the title A olefin 
(2.17 g, 12 mmol) in dichloromethane (5 mL), and 
the mixture was treated with a dropwise addition 
of concentrated hydrochloric acid, keeping the 
temperature of the reaction mixture below O'c. 
After stirring for an additional 2 hours, the 
solid formed was isolated by filtration and washed 
with ice cold ethanol. The pale yellow product 
was dried under vacuum and used in the next step 
without further purification. Yield: 1.7 g, m.p 
105-107-C. >H NMR (DMS0-d 6 ) 6 1.7 (s, 6H, gem 
Methyl), 2.9 (t, 2H, oxiae CH 2 ) , 4.7 (t, 2H, 
N-CH 2 ), 7.1 (s, IH, imidazole H) and 7.5 (s, IH, 
imidazole H) . M.S. [M + H] + 261, [M + NH 4 ] + 278. 
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C • 4,4.10, 10-Tetramethyl-l- ( 2-nitro-lH- 
imidazo-l-yl ) -5 , 9-diazadodecane-3 .11- 
dione dioxim 

Sodium bicarbonate (0.42 g, 5 mmol) was 
added to a solution of the title C compound of 
Example 1 (0.86 g, 5 mmol) in dry tetrahydrofuran 
(10 mL), and then the reaction mixture was treated 
with the title B compound (1.3 g, 5 mmol). The 
mixture was heated with stirring under reflux for 6 
hours. The solution was reduced in volume to about 
5 mL and the crude product was treated with 5 g of 
flash silica gel and then dried under vacuum to a 
free flowing powder. This powder was loaded on to 
a silica gel column and chromatographed three 
times. The product was eluted as a low melting 
solxd with 9:1 dichloromethane/methanol. Yield: 
0.13 g, ».p. 65-67»C. *H NMR (DMSO-d 6 ) 6 1.2 (s, 
12H, 4 CH 3 ), 1.45 (m, 2H, 5 CH 2 ), 1.8 (s, 3H, 
=N-CH 3 ), 2.3 (m, 4H, N-CH 2 ), 2.85 (t, 2H, =N-CH 2 ), 
4.8 (t, 2H, imidazole N-CH 2 ), 7.2 (s, 1H, imidazole 
H), 7.6 (s, 1H, imidazole H), 10.4 (s, 1H, N-OH), 
10.85 (s, 1H, N-OH). M.S. [M+H] + 398. 
Analysis calc'd for C :7 H 31 N 7 o«: 

C, 51.37; H, 7.86; N, 24.67; 
Found: C, 51.89; H, 7.89; N, 23.27. 

Example 4 

6-Hydroxy-3 ,3.9, 9-tetramethyl-l- ( 2-nitro-lH-imi- 
dazo-l-yl )-4 , S-diazauna^ e-l . 10-di n n> 

A. N- ( 3-Amino-2-hydroxypropyl ) -1-amino-l , 1- 
dimethvl-2 -butanonAnvim B 

3-Chloro-3-methyl-2-nitrosobutane (6.75 g, 
0.05 mol) was added portionwise to a cooled (0»c) 



-45-- 



RB90b 



solution of 1.3-diamino-2-hydroxypropane (14 g, 
0.155 mol) in methanol (75 mL). After the 
addition, the reaction mixture was allowed to warm 
to room temperature and heated under reflux for 12 
hours. Methanol was removed on a rotary 
evaporator. The residue was neutralized with 
methanolic ammonia. Excess methanol was removed 
on a rotary evaporator. The residue was 
dissolved in dioxane-water (2:1, 300 mL) and the 
solution was cooled to 0"c. sodium carbonate (31.8 
9, 0.3 mol) was added to this mixture followed by 
di-t-butyl dicarbonate (65.47 g, 0.3 mol). The 
reaction mixture was stirred at 0"c for 2 hours 
and at room temperature for 6 hours. 

Dioxane and water were removed on a rotary 
evaporator and the residue was poured into water 
and extracted with ethyl acetate. The ethyl 
acetate solution was washed with water and dried 
with sodium sulfate. Ethyl acetate was removed on 
a rotary evaporator and the residue was 'chromato- 
graphed over silica gel (hexane-ethyl acetate 
50:50) . Di-t-Boc-l,3-diamino-2-hydroxypropane 
eluted in the earlier fractions. These fractions 
were collected and solvent was evaporated to yield 
a thick oil. Yield 4.9 g. This was treated with 
methanolic hydrochloric acid (25 mL) at room 
temperature for 2 hours. Methanol was removed 
under reduced pressure and the solid obtained was 
neutralized with methanolic ammonia to yield the 
product as a white solid. This was used for the 
next step without further purification, yield: 
3.98 g. i H NMR (D 8 0) 6 1.54 (s, 6H, C(CH 3 ) 2 ), 
1.80 <s, 3H, CH 3 ), 2.92-3.32 (m, 4H, CH 2 ) , 4.18 (m, 
IH, CHOH). 
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B • 6-Hydroxy-3 ,3,9, 9-tetramethyl-i- (2-nitro-lH- 
imidazo-l-yl )-4, 8-diazaundecane-2 , 10-dione 
dioxime dihvdrochloride 
The title B compound of Example 1 (1.6 g 
0.0065 mol) was added to a slurry of the title A 
compound (1.4 g, 0.0075 mol) and diisopropylethyl- 
anane (1 g, 0 .0078 mol) in acetonitrile (10 oL) and 
the mixture was stirred at room temperature for 24 
hours. Acetonitrile was removed on a rotary 
evaporator and the thick yellow oil obtained was 
chromatographed over silica gel (CH 2 C1 2 :CH 3 OH, 
(9:1) and CH 2 C1 2 :CH 3 OH, (9:2)). Fractions 
containing the product were combined and solvent 
was evaporated to yield a thick oil. i H NMR of the 
oil indicated the presence of the product and 
dusopropylethylamine. The oil was left under 
vacuum for 12 hours. The thick oil was then 
triturated several times with methylene choride to 
remove the diisopropylethylamine. The residue was 
then dissolved in water and freeze dried. Yield- 
0-65 g, m .p. H4-115»C. > H NMR (D 2 0) 6 1.33, 1.44 

1.88 (s, 15H, CH 3 ), 2.42-2.92 (m, 4H, CH 2 ), 
3-90 (m, 1H, CHOH), 5.34 (s, 2H, CH 2 N), 7.14 and 
7.31 ( S/ 2H, C=N and C=C). M.S. calc'd 400.2308- 
found: 400.2298. 

Example 5 

3.3,9, 9-Tetramethyl- 6 - ( ( 2-nitro-lH-imidazo-l- 
yl )acetamido )- 4 , 8 -di a * a „n^..^ . 2 , 1Q . d , nn . M 



A. 



(N , N • -bis- t-Boc ) -2-mesyloxypropane- 

l f 3-di amino 



Methanesulfonyl chloride (6.01 g, 4.1 mL, 
0.0525 mol) was added to an ice-cooled (0»C) 
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9. 0.05 »ol) „ d tnethylimin, (6.07 a a s «.i („ 

The reaction manure was then stirred at 0»C for 1 
hour and at room temperature for 12 hours 

r^ovea^^tr"^ 1 ^ 116 was 
removed by filtration, and the filtrate was 

evaporated to dryness under reduced pressure The 
residue was poured into water th- , 

. uu water. The resultant 

solid was isolated by filtration, air dried and 

B - lr 3-Bi S -N-t-Bnc-2- ag -i dopropane 

. ao i u+ SOdiUm 16 ' 5 9 ' °- 1 001 > was to 

a solution of the title A compound (9.2 g, 0.025 

1 " 2. ^ lf °^ < 5 ° -d the" 



was stirred at 70 o c for 12 hours. The 

water "r^ 6 ~ *«* 
fil^ at - ^""Pitated solid was isolated by 
filtration, and was washed with water and air 

2^ 3 ,1 J <S ' 18H) ' 3 ' 15 <»' 2B >' 3.35 (m, 
2H), 3.64 (m, 1H) , 5.04 (bs, 2H). 

C ' ^ 3-Bis-H-t-Rnc--, , 2 . 3M ami 

a soluti™ P ! U f ium - on - ca ^on (1 g) was added tQ 
a solution of the title B compound (6.5 g, 0 .020< 
nol) m methanol f25 mr \ a ^ u ^ v 
osi for 1, w } h y<^ogenated at 50 

titration and methanol was removed on a rotary 
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evaporator. The resultant oil solidified on 
standing. Yield 4.82 g (82%), ».p. 9 4-96»C. >H 
NMR (CDC1 3 ) 6 1.42 <s, I8H , Boc), 2.89 (m, IH, 
CHNH 2 ), 3.12 (m, 4H, CH 2 ) , 5.20 (m, 2H, NH). 

l'3-Bis-N-t-Boc-2-(2-nitroimidazol-l-yl)- 
acetamido-l . 3-diami n^^,.. 

Carbonydiimidazole (3. 08 g, 0.019 mol) was 
added to a solution of 2-(2-nitroimidazol-l-yl ) 
acetic acid (3.1 g, 0.OI8 mol (prepared according 
to P. Webb et al., J. Lab. cn,p rfc Radiophflr7n 
1990; 28:265-271)) in dimethyl formamide (25 mL). 
The mxxture was stirred at room temperature for 45 
mmutes. l^-Bis-N-t-Boc^-aainopropane (5.3 g, 
0.018 mol) was added and the resultant mixture was 
stirred at 50-C for 12 hours. Dimethylformamide 
was removed under vacuum and the residue was 
treated with water. The solid which formed was 
isolated by filtration and air dried. Yield 6.5 g. 
HNMR (CDC1 3 , 6 1.44 (s, 18H), 2.90 (m/lH), 3.0* 
(m, 4H), 5.24 (bs, 2H). 

E • 2- ( 2-Nitroimidazol-l-yi ) acetamido-1 , 3- 

diaminopropane dihyrf, . oehlorid<> 

The title D compound (6.5 g) was dissolved 
in methanolic hydrochloric acid (20 mL) , and the 
reaction mixture was stirred at room temperature 
for 1 hour. The diamine dihydrochloride was 
precipitated by the addition of dry ether (200 

Yield 4.25 g. > H NMR (dihydrochloride in 
DaO) 6 3.08-3.35 (m, 4H), 4.51 (m, IH), 5.31 (s, 
2H), 7.19 (s, IH), 7.43 (s, IH) . *H NMR (free 
base in D 2 0) 6 3.01-3.28 (m, 4H), 4.45 (m, IH), 
5.21 <s, 2H), 7.15 (S, IH), 7.39 (s, IH). 
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F - 3,3 ,9,9-Tetrametfayl-6-( (2-nitro-lH- 
iaidazo-1-yi ) acetamido ,- 4 , 8-diazaun- 
decane-2 . IQ-dione 

So diuo hydrogen carbonate (5.88 g, 0 .07 
mol) and 2-bromo-2-methylbutan-3-one (6 1 g, 0 .07 
-1 (prepared according to w. Pfleiderer et al., 
^S^, 1966; 99:3008-3021,) were added to a 
slurry of the title E compound (4.25 g, 0.0135 mol, 
-dry dimethylformamide (40 mL,. The r eac"on ' 
«xt«. was stirred at 45-c for 12 hours. Methylene 
chloride (200 «L, was added to this reaction 

ro^ M6thylene ^oride was removed on a 

rotary evaporator and the dimethyl formamide was 

gr^el "T," ^ «sidue was chrLIt . 
graphed on silica gel and eluted with ethyl 

p a ro e ducr nethaa01 (9:1) ' FraCtiOOS staining" the 
yielded Z\ EV ™- »f the solvent 

yielded the desired diaminediketone . Yield 2 56 a 
0 A sample of the product was crystalli^ f rol ' 

frZ', Pr ° Vide Pr ° dUCt With * »-P- Of 96-97-C 
« 1.22 (d, 12H, C(CH3) 2 ) 2 12 , « 

J' 2 ; 2 -' 5 <»' 4H >< »•» 1H. CH,, 5.21 (s, 

. 2H), 7.15 ( S , 7 . 39 (s> 1H) M s (M+H)+= < n 

G - 3 ' 3 ' 9 ' 9 -Tetramethyl-6-((2-nitro-lH- 

imidazo-l-yi)aceta m ido)-4,8-dia Z aundecane- 

_» O-Tr^nethyHIIyl hydroxyl amine (1 g, l 22 
■L. 0.01 mol, was added to a solution of Li tie 
F compound (550 mg, 0.00133 mol, in methylene 

to at ^ miXtU " - ^wed 

to stand at room temperature for 24 hours. 
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Methanol (2.0 mL) was added to the reaction 
mixture and the solvent was removed on a rotary 
evaporator. The resultant solid was crystallized 
from water. Yield 329 mg, m.p. 72-73«C. *H NMR 
<»J0, 6 1.12 (s, 12H, C(CH3) 2 ), 1.72 (s, 6H, CH 3 ) . 
2.22-2.45 (m, 4H), 3.8 (m, 1H, CH). 5.1 (s, 2H), 
7.15 <s, 1H), 7.39 (s, IB). M.S. (M+H) + = 441 
Analysis calc'd for C 18 h 32 n 8 o 5 : 

C, 49.08; H, 7.32; N, 25.44; 
Found: C, 49.42; H, 7.54; N, 25.65. 

Example 5a 

3,3,9, 9-Tetramethyl-6- ( ( 2-nitro-lH-imidazo-l-yl ) - 
ethyl ) -4 , e-diazaund^n- s , 10 _ dion » oxipe 

A ' Benzyl 2-methvlsulphnn y1 . oxvethv1 

Triethylamine (18 g, 0.178 mol) was added to 
a solution of benzyloxyethanol (25 g, 0.165 mol) in 
methylene chloride (200 mL). The solution was 
cooled to 0»c and methanesulfonyl chloride (19.95 
9, 0.174 mol) was added dropwise over a period of 
0.5 hour. After the addition was complete the 
reaction mixture was stirred at 0»c for an 
additional 1 hour and at room temperature for 12 
hours. The precipitated triethylamine 
hydrochloride was filtered and washed with dry 
ether. The combined filtrate and the washings 
were concentrated to a thick viscous oil (37 g) 
>HNMR (CDCl3) fi 3<15 (s> 3 ^ cBih 3 e2 ^ ^ 

4.52 (t, 3H), 4.67 (s, 2H) and 7.42 (m, 5H, Ar-H) . 

B - Benzyl 2-h romoeth y i 

The title A compound (37 g, 0.16 mol) was 
added to a solution of lithium bromide (86.85 g, 
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0.8 a 1) xn acetone (300 mL), and the resulting 
solution was heated under gentle reflux for 12 
hours. The reacti n mixture was cooled and the 
acetone was removed on a rotary evaporator. The 
resxdue was taken up in ether and washed 
successively with water and dried. Evaporation of 
retucJ I d 4 UgUid WhiCh Was ***** ™**r 

(t, 3H), 4.70 <s, 2H) and 7. 46 {ffi , 5H , ^-E) . 

°- Diethyl k^Bgnzvloxyet^ r -.,- Tnr , 

add „ . Dlethyl 0alC,nate (8 '° g ' °- 05 » ol > ^s 
added to a solution of sodium ethoxide prepared 
from 1.2 g (0.052 g atom) of sodium in ethanol 
(300 mL). The title B compound (10.75 g, 0.05 
mole) was added dropwise to this solution and" the 
reaction mixture was heated under reflux for 12 
hours. Ethanol was evaporated on a rotary 
evaporator and the residue was poured into water 

sulfite T With ^ ^ 
sulfate. Evaporation of *i-h<». ~ 

^ won 01 e tner gave an oil. This 

SHV ;'• 185 ' c/2m - 1H (cbci »" <*. 
™ 3 ' 52 ( °" 3H) - 4 - 15 «■• «>• «•« 

is, 2H) and 7.31 (m, 5H, Ar-H). 

D * l-(2-Ben2yioxvethvi Emjlonamide 

with el** ^ ltle C COnpound O-O g) was treated 
with ethanolxc agueous ammonia and the reaction 
mixture was stirred at room temperature for 12 

soUd wh!ir rati0n ° f S ° 1Vent 93Ve a whi <* 
solid whxch was crystallized from water to yield 
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the product (4.5 g), ffi .p. i 6 5-70»C. » H MMR 
(D M SO-d 6 , 6 1.92 2H), 3.14 (t, 1H), 3.35 (a, 

2H) 4.12 <s, 2H), 7.05 (s, 2H), 7.22 (s. 2H) and 
7.34 (m, 5H, Ar-H). 

E- 1, 3-Diamino-N,N' -di-t-Boc-2-benzyloxy- 
ethylpropane 

BH 3 -THF complex (1M, 750 mL) was added to a 
slurry of the title D compound (28.0 g, o.lis mol) 
in dry tetrahydrofuran (500 mL) over a period of l 
hour and the reaction mixture was stirred at room 
temperature for 48 hours. Excess borane was 
decomposed by the dropwise addition of water 
Dilute hydrochloric acid was added until the 
solution became acidic. Tetrahydrofuran was 
removed on a rotary evaporator. The residue was 
suspended in dioxane-water (2:1, 500 mL). Sooium 
carbonate (31.8 g, 0.3 mol) was added and the 
nature was cooled to o-c. Di-t-butyl dicarbonate 
(58.9 g, 0.27 mol) was added and the mixture was 
starred at 0»c for 2 hours and at room temperature 
for 12 hours. Dioxane-water was removed on a 
rotary evaporator and the residue was treated with 
water. The crude product was extracted with ethyl 
acetate, and the extract was dried over sodium 
sulfate. Ethyl acetate was removed on a rotary 
evaporator and the thick oil obtained was 
chromatographed over silica gel (hexanerethyl 

*T^T' ?:3> t0 yiCld 27 g ° f toe title ■ «»Pound 

(CDC1.) 6 1.41 <s, 18H, tBoc), 1.52 (m, 2 " 
^CH) ; 1.72 (m, 1, CH), 2.9-3.2 (m, 4H, CH(CH 2 - 
NHtBoc) 2 ), 3.6 (m, 2H, OCH,), 4.5 (s, 2H, Phc£>, 
5-2 (m, 2H, NH) , 7.3 (m, 5H, ArH). 
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F. 



1 , 3-Diamino-N.N ' -di-t-Boc-2-hydroxyethyl- 
propane 



Palladium on carbon (io%, l g) was added to 
a solution of the title E compound (7.5 g) in 
methanol (50 mL) and hydrogenated at 50 psi for 24 
hours. Methanol was removed on a rotary evaporator, 
1 , 3-bis-N-t-butyloxycarbonyl- 2 ( 2-hydroxyethyl ) - 
propane was obtained as a white solid (5 g), m.p 
"1-02.C. i. MMR ( CDC1 3 ) 6 l.« (s , 18H , tBoc) 

tl ri*' CB) ' 2 ' 9 " 3 ' 2 (D ' 6H ' ^(CH-NHtBoc)- 

and CH 2 CH), 3.78 (m, 2H, OCH 2 ) , 5.2 (m, 2H, NH). 

C l'3-Diamino-N,N'-di-t-Boc-2-»esyloxyethyl- 
propane 

Triethylamine (1.36 g, i. 89 A , 0.0134 mol) 
was added to a solution of hydroxyethyl derivative 
(3.5 g, 0.0112 mol) in methylene chloride (15~mL) 
was added and the mixture was cooled to o»c 
Methanesulfonyl chloride (1.43 g, 0.0125 mol) was 
added slowly over a period of 0.5 hour arid the 
reaction mixture was stirred at 0'c for 1 hour and 
at room temperature for 12 hours. Methylene 
chloride was removed and the solid obtained was 
crystallized from hexane to yield 3.9 g of the 
title G compound, m.p. 109-10'C. "H NMR (CDCI3) 6 

» ri!' 18H ' tB ° C) ' X - 52 (m ' 2H ' 

O. CH , 3.0 (s, 3H, CH 3 ), 3.1 <», 4H, CH(CH 2 - 

NHtBoc) 2 ) , 4.45 (m, 2H, OCR,), S.15 (m, 2H,~NH). 



H. 



2-Bromoethyl-i , 3-diamino-N,N • -di-t-Boc 
propane 



A solution of the title G compound (1.98 g, 
0.5 mol) and lithium bromide (4.34 g, 0.05 mol) in 
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acet ne (50 mL) was stirred at room temperature for 
24 hours. Acetone was removed on a rotary 
evaporator and the title H compound as obtained as 
an oil (i.5 g). This product was used without 
further purification. 

1 . 1,3 -Diamino-N , N • -di-t-Boc-2- ( 2- ( 2 -nitro-lH- 

imidazo-l -yl )ethvlp ra pn n«> 

Sodium hydride (0.12 g, 0.005 moL) was 
added to a suspension of 2-nitroimidazole (0.56 g, 
0.005 mol) in dry acetonitrile ( 5 mL ) , and the 
mixture was stirred at room temperature for 15 
minutes. Acetonitrile was removed under vacuum 
and the residue was dissolved in dry dimethyl - 
formamide (5.0 mL). The title H compound (1.14 g, 
0.003 mol) was added to the dimethyl formamide. 
solution and the mixture was heated in an oil bath 
at U0«C for 2 hours. The mixture was cooled, and 
dimethyl formamide was removed under vacuum. The 
residue was treated with water and extracted with 
methylene chloride. The methylene chloride 
solution was separated, dried over sodium sulfate, 
and solvent was removed on a rotary evaporator. 
The crude product was chromatographed over silica 
gel (hexane: ethyl acetate, 50:50). The fractions 
containing the product were collected and 
evaporated to afford the product as a thick yellow 
oil which solidified on standing, yield 0.52 g 
*H NMR (CDCla) 6 1.35 (s, 16H, Boc), 1.6 (m, 2H, 
CH(CH 2 CH 2 N), 3.12 (m, 5H, CH(CH 2 NH) 2 and CH), 4.50 
<t, 2H, CH(CH 2 CH 2 N), 5.12 (m, 2H, NH) , 7.0 and 
7.25 (s, 2H, CH=CH). 
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3,3,9, 9-Tetramethyl-6- ( ( 2 -nitro-lH-iaidazo- 
1-vl >ethvl )-& «-H ,j a2aundpf . anB . 2 1 10 _ dionp 
The t-Boc protecting groups were removed 
from the title I compound by treatment with 
aethanolic hydrochloric acid (2 oL). Methanol was 

'TZf.T? t0 aff ° rd «- hydrochloride. 

H NMR (D 2 0) 6 2.0 (m, 2H, CH(CH 2 CH 2N ), 2.20 (m, 

1H, CH), 3.12 (d, 4H, CHCC&NH), 4.50 (t, 2H, 
CH(CH 2 C^N), 7.10 and 7.42 (s, 2H, CH=CH) . The 
dihydrochloride was neutralized with ethanolic 
ammonia and the diamine free base obtained was used 
as such without further purification. 

3-Bromo-3-methylbutan-2-one (0.5 g, 3.0 
mmol) was added to a mixture of the diamine (0 2 
g, 1 mmol) and sodium bicarbonate (0.25 g, 3 o 
mmol) in dimethylformamide (2.0 ml) and the 
mixture was stirred at 50-c for 24 hours. 
Dxmethylformamide was removed under vacuum and the 
crude product was chromatographed over silica gel 
<CH 2 C1 2 :CH 3 0H, 9:1, 8:2). Fractions containing 
the product were collected and evaporated to give 
the txtle J compound (no mg) as a thick oil. i H 
™* (D 2 0) 6 1.33 (d and m, 13H, C(CH3) and CH), 
t'm i"'™' CH<eB " C * ,l) - 2 - 19 < S ' 6H, CH 3 ), 2.65 

and f;,?^' 4 ' 4 ° (t ' 2H ' ^(CH.CS.N), 7.10 
and 7.39 (s, 2H, CH=CH). 

K - 3,3,9, 9-Tetramethyl-6- ( (2-nitro-lH-imidazo- 
l-yl )ethyl )- 4 , 8-diazaundecane-2 , 10-dione 
dioxime 

Diketone (65 mg) was dissolved in dry 
methylene chloride (0.5 ml) and treated with 
trimethylsilyl hydroxylamine (0.3 mL) The 



-56- 



RB90b 



reaction mixture was heated under reflux for 24 
hours. Methylene chloride was removed and the 
residue was treated with methanol. Evaporation of 
methanol afforded the product as a thick paste 
which was dissolved in water and freeze dried to 

^il 6 ^ 9 ° f ^ title K C ° apOUnd ' 17 *-™-C. 
H WR (D 2 0, 6 1.2 (d and 13H , C(CH3 ) and CH), 

1.75 (s and m, 8H, CH(CH 2 CH 2 N) and CH 3 ). 2.55 (m, 
f ' 4.36 (t, 2H, CH(CH 2 CH 2 N>, 7.06 and 

7.34 (s, 2H, CH=CH), MS: (M+H) + = 412+ 
Analysis calc'd for C 18 H 3s N 7 0< . 4 H 2 0: 

C, 44.70; H, 7.30; N, 20.29; 
Found: C, 45.08; H, 7.14; N/ 20.18. 

Example 5h 

5, 8-Diaza-l . 2-dithia-S- ( 2- ( 2-nitro-lH-imidazoIl- 
yl )ethyl )-3 , 3 , io , lO-t^r,-- ^^^,,..,,, 

A. 5 , 8-Diaza-l, 2-dithia-3 ,3.10, 10-tetra- 

methvlcvc lodecane 

Sodium borohydride (9.12 g, 0.24 mole) was 
added in portions at room temperature with 
stirring over a period of about 2 hours to a 
solution of 5,8-diaza-l, 2-dithia-5-3.3,6, 6-tetra- 
methylcyclodeca-4,8-diene (9.2 g, 40 mmol 
reported by H. F. Kung, M. Molnar, J. Billings, 
R. Wicks, M. Blau, "Synthesis and Biodistribution 
of Neutral Lipid-Soluble Tc-99m Complexes that 
Cross the Blood-Brain-Barrier", j. Nucl . Med , 
1984; 25:326-332) in ethanol (5o7m^ 
reaction mixture stirred at room temperature for 
an additional 20 hours. Ethanol was removed under 
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reduced pressure and the crude product was 
chromatographed over a flash silica gel column 
Elution with 9a dichloromethane/methanol 
furmshed the cyclized product (described by S 2 
Lever, "Correction: Design, Preparation and 
Biodistribution of a Technetium-99m 
Triaminedithiol Complex to Assess Regional 
Cerebral Blood Flow", J. Nucl. m»h 1987 . 
28:1064-1065, followed by the required diamine on 
continued elution with 9:1,0.1 dichloromethane/ 
methanol/aamonia. The product was recrystallized 
from petroleum ether to yield a colorless solid. 
Xield: 0.66 g, a .p. 58-60°C. 

B • 5, 8-Diaza-l , 2-dithia-5- ( 2- ( 2-nitro-lH- 

imidazol-yl )ethyl )- 3 ,3,10, 10-tetraaethyl- 
cyclodeeano 

Potassium fluoride on celite (0.82 g, 14.1 
mmol) was added to a solution of the title A 

(lTr d ( °; 66 9 ' 2 ' 82 m0l) in -etonitrile 
(10 nL), and the reaction mixture was stirred for 5 
minutes. Broaoethyl nitroiaidazole (0.65 g, 2.82 
mmol. described by D. c. Heimbrook, K. shyam, A. c 
sartorelli, "Novel l-haloalkyl-2-nitroiaiLole 
Bioreductive Alkylating Agents", Anti-Cane nn,, 
5£Siffi, 1988. 2:339-350) was added and stirred 
under nitrogen and under reflux for 16 hours 
Additional broaoethyl nitroimidazole (0.22 g i 
mmol) was added followed by potassium fluoride on 

HIT 9 ' 5 nBOl) "* St±rrin9 With was 

continued for another 24 hours. Solvent was 

removed under reduced pressure and the residue was 
treated with 20 aL of water. The p H of the 
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solution was adjusted with sodium bicarbonate to 
>8. The solution was extracted with dichloro- 
methane (5x20 bL). The combined organic layer 
was washed with water and dried with anhydrous 
sodium sulfate. Removal of the solvent gave a 
semi-solid which was chromatographed over flash 
silica gel. Elution with 5% methanol in dichloro- 
methane furnished an oil which was homogeneous on 
TLC. Yield: 0.065 g. i B NMR (CDC1 3 ) 6 1.1, 1.3, 
1.35 and 1.45 (4s, 12H, gem dimethyls), 2.5-3.2 (m, 
10H, N-CH 2 ), 3.9 (bs, 1H, UH), 4.5 (m, 2H, imi 
CH 2 ), 7.1 ( S , !H, imid H ) and 7.4 (s, 1H, imi H). 
M.S. [M+H] = 374. TLC (9:1, dichloromethane/ 
methanol, silica gel) :. Rf 0 . 38. HPLC: Single 
peak, R t = 10.O6 min, with UV detection (230 nm) 
with a Dynamax c 18 column, 25 cm X 0.46 cm, and 
gradient elution with acetonitrile and water ~ 
(containing 0.1% trifluoroacetic acid). 

Example 6 

[ 99 Tc)Oxo[[3,3,9,9-tetramethyl-l-( 2 -nitro-lH-imi- 
dazo-l-yi )-4,8-diazaundecane-2 , 10-dione dioximatol- 
(3- )-N.N' .TJ" ,N" ' 1 t ee hr„,^. un, ( v ) 

NH 4 99 TC0 4 (26.6 mg, 0.148 mmoles) was 
dissolved in saline (4 mL). The title compound 
from Example 1 (86.4 mg, 0.225 mmoles) was 
dissolved in saline (10 mL) containing 10 drops 3 
M hydrochloric acid, and the p H of the solution 
adjusted to 6.3 with sodium hydroxide solution. 
The solutions of ligand and pertechnetate were 
combined. 0.1 M Sodium hydrogen carbonate (5 mL) 
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was added and the pH was adjusted to pH 8.5-9.0 
with potassium hydroxide. Diethyl ether (60 mL) 
was added, followed by a dropwise addition of a 
suspension of stannous tartrate (83.6 mg, 0.313 
mmol) in saline (5 mL). The reaction mixture 
was stirred for 10 minutes. The ether layer was 
separated and the aqueous layer extracted with 
several aliguots of ether (until the yellow color 
of product was no longer observed in the ether 
layer). The combined ether aliguots (110 mL) were 
dried over anhydrous sodium sulfate, and reduced 
to 2 mL by rotary evaporation. The product was 
purified by silica gel column chromatography, 
using ether as eluent. Solvent was removed to a 
volume of -l mL, and stored overnight in a -18«C 
freezer. Medium orange crystals were obtained. 
These were separated by filtration, washed 
with cold ether, and vacuum dried for four hours 
Yield: 25.8 mg. * H NMR (CD 2 C1 2 ) 6 1.39-1.49 (m, 
12H, C(CH3) 2 ), 1.73-1.77 (m, 1H, CH), 2^3 (s, 3H, 
CH 3 ), 2.35-2.41 (m, 1H, CH), 3.34-3.40 (m, 2H, 
CH 2 ), 3.46-3.51 (m, 2H, CH 2 ), 5.63-5.73 (m, 2H, 
CH 2 ), 7.09 (s, 1H, imidazole CH), 7.47 (s, 1H, 
imidazole CH). M.S.: ( M+ H) + = 496, (M-H)" = 494 
Analysis calc'd for C 16 H 26 N 7 OsTc: 

C, 38.79; H, 5.29; N, 19.79; 
Found: C, 39.21; H, 5.60; N, 19.47. 
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Example 6a 

[ "Tcjoxo [[3.3,9, 9-tetramethyl-i- ( 4-nitro-lH- 
imidazo-l-yl )-4, 8-diazaundecane-2 , 10-dione 
dioxx ma tol-(3-)- N , w .,M.. v" M techn e -H„,n f ui 

_To a stirring solution of [»(butyl) 4 J- 
TcOCl« (45.5 mg, 0.091 mmol) (prepared by the 
method of F. a. Cotton, a. Davison, v. Day et al., 
inoro. Che*. , 1979, 18, 3024) was added 1 mL of 
methanol and 120 pL of neat ethylene glycol, 
followed by 1.2 mL of 0.75M sodium acetate in 
methanol. Addition of the ligand of Example 2 
(namely 3,3,9, 9-tetramethyl-i- (4-nitro-lH-imi- 
dazo-l-yi )4, 8-diazaundecane-2 , 10-dione dioxime 

lit 6 ***' 0 * 14 aB ° 1) CSU8ed pur * le s °l«tion to 
turn deep yellow orange. After 3 minutes, 10 mL of 
methylene chloride was added, and the reaction was 
stepped to an orange oU by 

The complex was purified by passage through a 

wS" lt\ G ° 1Van ^ was conditioned and eluted 
with methylene chloride. The red-orange band was 
evaporated to an oil, triturated to a. solid with 15 
»L of hexanes, and the solid was isolated and dried 
invacuo overnight to yield 30.3 mg of the title 
compound. M.S.: („ +H )+ = 496; (M+H . ^^.^ 
dazole =3 83; (M-H)" = 494. 1 H NMR (CeD 6 ) : 6 

t ,'rt 12H ' a3) ' 1 ' 7S <»' ^ 2 C), 2.4 (m, 

1H, CCH a C>, 2.34 (s, 3H, CH 3 C=N), 3.35 (t, «, 
NCHa), 3.5 (m 1H, NCH 8 ), 4.9 (d, 1H, imidazole N 
CH,, J = 14 Hz), 5.3 (d, 1H, imidazole NCH 2 , j = 14 

7.7 ( S , ih, imidazole NCHC), 8.1 (s, 1H 
imidazole NCHC) , 18. l (br , O..H..O). 
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Example 6h 

r 99 Tc)0xoI[6-hydroxy-3,3, 9.9-tetra*ethyl-( 2 - 
nitro-lH-imidazo-l-yl )-4 , 8-diazaundecane-2 , 10- 
gione dioxinmtol-^.i.w M , »,. j ^technetita n 

To a stirring soiution of 
[K(butyl, 4]Tc0 ci 4 - (57.5 »g, 0.115 amol) was added 
1 «L of methanol and 150 m l of neat ethylene 
glycol, followed by 1.5 ml, of 0.75M sodium acetate 
^methanol. Addition of the li gan d of Exa^L 4 

tlT °- 13 r ol) caused tte p ^ e *oiutZ ^ 

turn deep yellow-brown. After 5 minutes, the 
solvent was removed by rotary evaporation to give a 
yellow-brown oil. The oil was * 
R ^ ., . iX was loaded onto a 1.5 x 

6 cm silxca gel coluan ^ ^ _ 

se^d f 1 ^ 6 Until ^ " aj0r Pt0dU « ^ well 
n r °; lapUrit * at the head of the 

ZlT: * 6 head ° f tte coluna w « removed (and 

was eluted from the column with 10% methanol/90% 
methylene chloride, solvent was removed and Z 
Product was redissolved in minimal methylene 
cM°"<*, washed with saturated sodium chloride, 
dried over sodium sulfate and rechromatographed 
using i:i ack:ch 2 ci 2 as the eluant. solvit was 

^ ««- which £ 

triturated with hexanes until the product 

m££ ed ' The 8 ° lid was i80lated b * 

overSSr - ln8ed With hCXaneS ^ ** ied " ~ 
overnight. The yield of pure title complexTaTl^ 

»9- M.S.: (M+H) = 512 /„ B ,- * 

cm" 1 , ic = 0. ( H) = 51 °- IR <KBr): 922 
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Example 7 

Preparation pf 99^ pnm ^ 



produce the «r c complexes of the ligands given 
in Examples 1-5. given 

. Ligand (2.5 mg) was dissolved in o 9* 

; 0 2 °- lM sodium hy — ~ 

from a ^SL" * " ^ 9laSS 

Thecal generator (0.4 »L) „ as added. 

Thevxal was sealed, and a saturated solution of 

STvLl ^ SaliaC (5 ° ' L > ^ded to 

ana Slowed Z Shak6n t0 "agents, 

fallowed to stand at room temperature for 10 

When required, the 9 *»tc complex was " 
separated from the other kit ,™ 7 

„«...• Jtlt components by an 

isolation procedure involving prp-! resi / 

(as described by s. Jurisson et al., "chloro. 

«.), BR] Complexes", » uc . Med . giol, 18(7) , ? ^ 
(1991). This provided the complex in ethanolic 
solution. The ethanol fraction was blown to 

ST.T" nitr ° 9en - Solved In 
normal saline. 

The radiochemical purity of the 99o t c 
complexes were determined by hplc and/or TLC hplc 
analyses were conducted on a Su is 
wii-h «« c ™ a sp 15 cm PRP-l column 

with 65/35 ACN/0.1M NH«OAc pH 4.6 as eluent at T 
flow rate of i ^,/min. , and a radiometric detector 

conducted on two 20 cm SAF Instant thin layer 
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chromatography (ITLC ) strips. 5 pL samples were 
applied to the origin of these strips. One strip 
was developed with saline, and one with methylethyl 
ketone (MEK) . After development, strips were cut 1 
cm above the origin, and each section was counted 
The % RCP was determined as: %rcp = % en upper 
segment of «ek strip - % on upper segment on 
salme strip. The RCP of "»r c complexes was 
generally >92%. 

Example 7a 

I "°Tc]Oxo [ [3 , 3 , 9, 9-tetramethyl-l- (2-nitro-lH- 
imidazo-l-yi )- 4 , 8-diazaundecane-2 , 10-dione 
dloximato]-(3-)- N , N . , N » , ]technetium(V) by 
ligand exchange fr Qm 99m r c -t: a rr T - a i- 0 

To 0.5 mL of an 0.1M solution of disodium 
tartrate in water was added 0.5 mL of 
Physiological saline. The mixture was dispensed 
into a crimp-sealed vial and purged with nitrogen 
to remove oxygen. To this was added 5 M L of a 
freshly prepared solution of stannous chloride (2 
mg/taL in degassed IN HC1 ) , followed by i mL of 

*TC0 4 eluted from a " M o/ 99ni Tc generator. 
After 10 minutes at room temperature, the 
resulting Tc-tartrate complex was added to another 
vial that contained 1.75 mg of the nitroimidazole 
Ugand of Example 1. A f te r io minutes at room 
temperature, the radiochemical purity of the title 

"Tc 2-nitroimidazole complex was 92%, as 
determined by high pressure liquid chromatography 
conducted on a io micron, 15 cm prp-! rever s e phie 
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column that was eluted with 65/35 acetonitrile/O » 
NH 4 0Ac (pH 4.6) at a flow of 2 mVminute xL 
complex thus prepared had a retention time that was 
identacal to that of an authentic sample of the 
Tc complex of Example 6. 

Example 7b 

[ 99a Tc]Oxot[3,3 > 9,9-tetramethyl-i-( 2 -nitro-lH- 
imidazo-l-yi )_ 4 , e-diazaundecane-2 ,10-dione 

dxoximato]-(3-)-N,N',N«,N»']technetiuo(V) by 
ligand exchange from gfgTc^citrate 

j . „ ^ C0 *" (1 ° 1 ' ~ 30 »Ci) in saline was 
added to a vial containing trisodium citrate 
(0.05M) in saline (1 ml, pH adjusted to 6.1), 5 ul 
of stannous chloride solution (2.2 mg/ml) in o.lS 
hydrochloric acid was added, and the solution was 
allowed to stand for 10 minutes to complete 
formataon of "»Tc-citrate . this solution (p H 
5.8) was added to a second vial containing 2 mg of 
the ligand described in Example 1, and the 
reaction mixture was allowed to react for 20 
minutes at room temperature. The final p H was 
7.1. The radiochemical purity (determined by 
HPLC, as described in Example 7A) was >94%, and the 
radiochemical purity remained at this level ft T[ 
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Example 7r 

1 9 ^c)Oxo [ 1 4 . 7-Diaza-a , 9-dimercapto-2 , 9-di.ethy!- 
N,N' . s . s ' ] technetium | ' 

Dithiothreitol (16.3 mg, 106 pmoles) was 
added to a solution of 5, 8-diaza-l,2-dithia-5- 
U-^-nitro-iH-imidazo-l-yi )ethyl )-3 , 3 . 10, 10-tetra- 

as described a Example 5b) dissolved in l.o ml 
methanol, and the solution was stirred at room 
temperature for 24 hours. The volume of the 
reaction solution was reduced under argon to <0.25 
ml and 1.25 ml p H 2.9 HBr/saline was added. The 
aqueous solution was extracted several times with 
diethyl ether to isolate the dithiol from unreal 
disulfide. The ether layers were combined, blown 
to dryness under argon, and the residue was 

tllT\? PH 1,6 mr/Sali -- »*■ -iution was 
washed with diethyl ether (to remove dithiothreitol), 
and the pH adjusted with sodium hydroxide to 6.2 to 

give ^7-dia Z a-2,9-dimercapto-2,9-dimethyl-4-(2-(2- 
mtro-lH-imidazo-l-vl >.i-h«i \* . v 

«-i*K * ^ vl )ethyl)decane, which was used 

without^further purification. 

"»r e o " ^ C " gl " cohe P tona ^ was prepared by adding 

™TC0 4 (o.l mi, 39.2 mci) to a solution 
containing sodium glucoheptonate (0.5 ml of 2 42 
mg/ml solution in saline) and sodium acetate ('o.5 
«1 of 0.1 M; p H 7.03), followed by stannous 
chloride (25 pi of 5.51 mg/ml solution, 0.725 
Mmoles, in 0.1 M HC1). After standing ^ 
temperature for 30 minutes, 0.9 mL of this 
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solution was added to a solution of 4,7-diaza- 
2 , 9-dimercapto-2 , 9-dimethyl- 4 - (2- ( 2-nitro-lH- 
imidazo-l-yl)ethyl)decane in saline. The mixture 
was allowed to stand at ambient temperature for 30 
minutes, then heated to 70»c. HPLC analysis 
indicated two major products, presumed to be syn- 
and anti-isomeric complexes, as found with other 
N-substituted-DADT complexes (e.g., L. A. Epps, 
H. D. Burns, s. 2. Lever, H. W. Goldfarb, H. N 
Wagner, "Brain Imaging Agents: Synthesis and 
Characterization of (N-piperidinyl Hexamethyl 
Diaminodithiolate) oxo Technetium(V) Complexes", 
int. j, Appl. Radiat. Tg ^ r 1987/ 38:661 . 664 . 
A. Mahmood, W. A. Halpin, K. E. Baidoo, D. A. 
Sweigart, s. z. Lever, "Structure of a Neutral 
N-alkylated Diaminedi thiol (dadt) Tc-99(V) Complex 
Syn fTcO(NEt-tmdadt)]Tc-99", Acta Crystal^" 
Sect. C; Cryst. Struck r 1991< 47 . 254 _ 257) 

Example 8 
Determination of Ru ction Po i-^ni-^i 

^ o,J he redUCt i° n P^ntials of misonidazole. 

TcO(PnAO), and 99 Tc-hypoxia-localizing tracers 
were determined by cyclic voltammetry (C.V. ) in 
dimethylforoamide.. c.V. experiments employed a 
Prmceton Applied Research (P.a.r. ) Model 174A 
Polarographic Analyzer with a Model 303 Static 

Dr ° P Electrode "* "corded on a Model 

W074 X-Y Recorder. The reference electrode was 
Ag/AgN0 3 with an acetonitrile filling solution 
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saturated with LiCl. The counter electrode was a 
Platinum wire. Voltamaograms at mercury were 
determined at scan rates of 50, 100,. 200. and 500 
mV/s. 

The solutions used in C.V. studies 
contained test sample at a concentration of 
0.2-0.7 mM and tetrabutyl ammonium tetrafluoroborate 
(BU4NBF4 ) or tetrabutylammonium hexafluorophosphate 
(Bu 4 OTF 6 ) supporting electrolyte at a 
concentration of 0.1M. The solution was 
deoxygenated by bubbling solvent-saturated 
nitrogen or argon through the solution for 15 
minutes. Variations in the reference potential 
were accounted for by determining the C.V. of a 
Ru(acac) 3 standard on a daily basis. All measured 
potentials were corrected according to an absolute 
peak reduction potential for Ru(acac) 3 of -1.210 V 
vs Ag/AgN0 3 at Hg. The results are shown in the 
table below: 



Compound name/ 
Example number 



E pc< v > 



Reduction process 



Metronidazole 
Misonidazole 
99 TcO(PnAO) 
Compound from 

Ex. 1 
Compound from 

Ex . 6 



and 



-1-62 
-1.49 
-2.15 

-1.52 

-1.49 
-1.99 



reversible 
reversible 
irreversible 

reversible 

reversible 
irreversible 
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These results demonstrate that both the ligands of 
this invention and the technetium complexes thereof 
are reduced electrochemically at potentials that 
are similar to that of the bioreducible 2-nitro- 
imidazole compound misonidazole, and are thus 
expected to undergo bioreduction in vivo . Ia 
contrast, electrochemical reduction of the non- 
mtroimidazole control Tc(V) oxo 3 . 3 , 9 , 9-tetra- 
methyl-4-8-diazaundecane-2 . 10-dione-dioxime 
(TcO(PnAO) prepared by the method of frisson et 
■1.. inorg. Chem. , 1986, 25, 543) occurred at a 
potential that was far more negative than that of 

o?CiV: duction wave observed f ° r ~ 



Example 8a 

demonstration of Efficacy: Reduction of the Tc 
Witroimidazole Complexes by . Xa nthine Oxidase 

The enzyme xanthine oxidase (in the 
Presence of xanthine or hypoxanthine ) is known to 
reduce the nitro group of SU ch nitroimidazole- 
containing compounds as misonidazole and 
metronidazole (see for example P. D . Josephy, B . 
Palcic and L. D. Skarsgard,. "Reduction of 
Misonidazole and its Derivatives by xanthine 
*?y m ' ttBBL, 1981. 30, 849), and 

xt has been postulated that such nitro reduction 
under anaerobic conditions is responsible for the 
selective trapping of these compounds in hypoxic 
tissue Thus, a technetium or rhenium containing 
mtroimidazole complex should be capable of being 
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reduced by xanthine oxidase under anaerobic 
conditions in the presence of hypoxanthine . The 
results from the enzyme assay below demonstrate 
that the Tc-nitroimidazole complexes of this 
invention are recognized as suitable substrates by 
xanthine oxidase. 

To a 2.5 mL quartz cuvette was added 0.25 
nxcroaoles of the 99 Tc-nitroimidazole complex of 
Example 6 or 6b in 125 pL of dimethylf ormamide , 1 
*L of 0.01M hypoxanthine in pH 7.4 sodium 
Phosphate buffer (0.1M), and 0.875 mL of 0 1M 
sodium phosphate buffer (pH 7.4, that contained 20 
mg/L of disodium ethylenediamine tetraacetic acid 
(EDTA). The cuvette was sealed with a rubber 
septum, and purged with argon for 15 minutes to 
remove oxygen. To this was added 1.25 units-of the 
enzyme xanthine oxidase (Boeringer) in 0.5 mL of 
deoxygenated pH 7.4 phosphate buffer. The cuvette 
was inverted to mix, and the UV/visible spectrum of 
the solution was recorded from 280 to 600 nm at 15 
minute intervals. 

The absorbance peak at approximately 320 
nm, which is characteristic of the nitroimidazole 
functionality, decreased in intensity, it is 
believed that the disappearance of this nitro 
absorbance is due to reduction of the nitro group 
by xanthine oxidase, m a control reaction that 
contained no enzyme, no spectral changes were 
observed over a period of 7 hours. 

In a parallel control reaction, the 
reagents above were mixed in the same fashion, but 
the Tc complex of 3,3,9,9-tetramethyl-4,8- 
diazaundecane-2,10-dione dioxime (prepared by the 
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method of Jurisson et al . ( i n 2££i _^ > lM 
543 ) was substituted for the technetium complexes 
f Examples 6 or 6b. i„ this reaction, which did 
not contain a bioreducible nitroimidazole 
functionality, no spectral changes were observed 
over a period of 7 hours . 



Example 9 

Demonstration of the Ability to Cross gndotheliaj 
Mono layers ~r 

Bovine brain microvessel endothelial cells 
were isolated using a modification of the Audus- 
Borchardt method (K. L. Audus et al., Ann. New 

b ovin T'- 501 - ' 1988 '' 9_18) - ^ -asurements of 
bovine brain mxcrovessel endothelial permeability 

f Vltr ° Were ada Pted ^om models by Audus and 
Borchardt (K. L. Audus et al., J. Neuroch... 1986 . 
47:484-488 and M. V. shah et al ., Pharm. ^ 
1989; 6,624-627) and W. M. Pardridge et al 
1 J. PharmacoT Exptl. Therap , 1990 ; 253:884-891) 
except that Anocell inserts were used in place of 
Transwells containing polycarbonate filters, or 
Polycarbonate filters placed into a side-by-side 
apparatus. The use of electrical resistance as an 
indication of tight junction formation (P. Artursson 
£ al j Pharm. an, , 1990; 79:595-600 and s. G. 
^Iton et al., ±_c^ Physiol,, l 990; 144:498-504) 
was applied by using the Millicell-ERs resistance 
system from Millipore. An asymptotic level of high 
electrical resistance (-600 ohms-cm^ ) at morpho- 
logical confluence indicated tight junction formation 
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10 



15 



20 



25 



30 



Only those wells with r «i.. 

— . Further M?i"£T7£r°' m '- m * — 
method „.« ^ use of ° £ Audus-Borchardt 

«• <«iv.d tor ,. 5e rTari " "* 
well. " 9113 ln the outer 

A study of the permeability of , . 
test compound ^ u MoceU inserts ' 
media vitTirc "hW, 0.4.L of 

Tc-«» cmpier" C - SUCr ° M ' the 

« io »rr»:c: r^^-r wth 

serum.. ° % P las »a-derive"a horse 

This system was placed into a 37»c s<r m 

(acceptor) compartments, vere t.k.» .■ ,. 

«- « •«-- Of 4 AnoceU iJertTleT r Sly 
"ore counted first i„ „ ™ Tn * se 

SST2 — - S eptor 

eacn tune point over the i« 

of the study was calculated ainUteS 
of radioactivity t ™ Utad - The ave «3e percent 
and the It t ™P«ted was plotted vs. time 

the slope was estimated by linear re„^ • 
analysis. The slope of the Ji regression 

filter alone is e^ai to^S T™' 

to P Sf , where PS=permeability 
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surface area product. The slope of the clearance 
curve of the wells containing the filter plus 
endothelial cells was denoted ps. The slope of 
the clearance curve was linear up to 10 minutes for 
all agents tested. The corrected PS value for the 
endothelial monolayer, called PS e , was computed as 
follows (according to Pardridge et al., 
J. Pharmacol. Exptl. Therap., 1990, 253, 884-891): 
_i_ = _i 1_ 

PS e Ps m ps f 
The permeability index (P.) is calculated using 
the PS e for each agent as follows: 

._ _ (* S ( agent) ~ Ps ( sucrose )\ 

i " I 1 — — X 100 

Th. fo 1 A ?S(Water) " PS (sucrose)/ 
The following table provides the ' determined P 

values for several of the compounds examined " 



"-± 



P i 



Compound name/Exampl e n.mK.r 

°Tc-PnAO (1) " _ 

99nu ^ 64 -4 

xC-HM-BAT (2) AA , 

99m_ 44.3 

"Tc-TMR (3) 

99m TcCl(DMG) 3 2MP (4) 

99m^ C COmp:Lex from ligand in Ex 
99b! C conplex from ligand in Ex. 5 0 .2 

99m! C COaple * from li 9 and in Ex. 2 15 .' 2 
™Tc complex from ligand in Ex. 4 x* 8 
™TCC1(DMG) 3 BBN0 2 (5) * 

(1) W. A. Volkert, T. J. Hoffman, S. M. Seger, 
D. E. Troutner, R. A. Holmes, »Tc-99m 
Propylene Amine Oxime (Tc-99m PnAO); A 
Potential Brain Radiopharmaceutical' 1 , 
Eur. J. Nun Med 1984, 9:511-516. 



50.3 
-9.3 
63.2 
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H. F. Kung, M. Molnar. j. Billings, R. 
Wicks, M. Blau, "synthesis and Biodistri- 
bution of Neutral Lipid-Soluble Tc-99m 
Complexes that Cross the Blood-Brain- 
Barrier", J. Nucl. n^ t 1984/ 25;326 .332. 

R. H. Mach, H. F. Rung, y-z, Guo, c-c Yu 
V Subramanyam, j. c . Calabrese, "Synthesis, 
Characterization and Biodistribution of 
Neutral and Lipid-Soluble 99m Tc-PAT-HM and 
. iC-TMR for Brain Imaging", Nucl. Med. 
Bl °ly 1989, 16:829-837. 

E. N. Treher, L. c. Francesconi, J. Z . 
Gougoutas, M. F. Malley, a. d. Nunn 
"Monocapped Tris(dioxime ) Complexes of 
Technetium* III ): Synthesis and Structural 
Characterization of TcX(dioxime) 3 B- R (x = 
CI, Br; dioxime = dimethylgiyoxime, cyclo- 

SJlSE^ 1989, 28:3411-3416. 

K. E. Linder, s. Jurisson, A. D. Nunn, 

Boronic Acid Adducts of Technetium-99m 
Dxoxime Complexes and Rhenium Dioxime 
Complexes Containing a Biochemically Active 
Croup, European Patent No. 411,491; 1991 
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Example 9a 



The biodistribution of "*Tc-complexes in normal 
(nonnoxic) Sprague-n a wlev r«i- c 

The biodistribution of 99B Tccooplexes was 
determined to demonstrate delivery of the 
radiotracers to the target organs, and the 
clearance of radioactivity from normoxic tissue in 
the target area and nearby tissues. 

Twelve Sprague-Dawley rats were anesthetized 
with Nembutal (50 mg/kg) and injected with 0.1 mL 
(20 M Ci) of radioactivity via the jugular vein. At 
1 minute, 5 minutes and 60 minutes after admini- 
stration of the radiotracers (n = 4 for all time 
points), the animals were sacrificed by 
exsanguination, and the target tissues removed, 
weighed and assayed for radioactivity. The rats 
were allowed to respire room air throughout the 
course of the study. 

The results are shown in the following 

tables : 
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Example 10 

Demonstration of Effi gy in a Rabh4l . Vne . m , 
Myocardi al Ischemia Model 

A model of focal myocardial ischemia in the 
rabbit was developed, using permanent ligation of 
the left anterior descending (LAD) coronary artery. 
The model consisted of two studies, m the first, 
relative regional myocardial blood flow (MBF) 
and relative regional myocardial rate of glucose 
metabolism <MMR gl ) were determined by autoradio- 
graphy using a double-label study with the flow 
tracer xcCl ( CDO ) 3 MeB (R. K. Narra et al., 
J - mcl ' SSi.' 1989; 30:1830-1837) and "C-deoxy- 
glucose for MMR gl (L. Sokoloff et al., j. Neuro- 
^em., 1977, 28, 897-916). "C-deoxyglucose'and 
the "Tc-hypoxia-localizing tracer were adminis- 
tered to a second group of rabbits with LAD 
coronary artery occlusion. 

After the surgical preparation and 20 
minutes of LAD occlusion, "C-deoxyglucose (130-150 
MCi) was injected as an intravenous bolus, and 
timed arterial blood samples were obtained 
Twenty-five minutes later, 99m TcCl(CDO) 3 MeB (10-12 
mCi) was administered intravenously. Five minutes 
later, the rabbits were sacrificed by intravenous 
injection of Nembutal and potassium chloride. The 
heart was excised, frozen in liquid Freon-22, 
and 20 p» coronal sections obtained with a Microtome 
Autoradiographs were obtained on all sections. For 
the first exposure (-14 hours duration) of Kodak 
XAR film, extra heavy duty aluminum foil was 
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in this model as an example of a "^Tc-PnAO-complex 
which does not possess a hypoxia-localizing 
functionality. The autoradiograms obtained with 
this tracer showed no differentiation of ischemic 
and nonischemic regions indicating that a hypoxia- 
localizing moiety such as 2-nitroimidazole if 
essential for specific localization of these 
complexes within hypoxic regions. 
ran J" S 8e P arate experiment using the rabbit 
LAD occlusion model and the double-label auto- 
radiography procedures described above, the 
performance of the "«r c complex of the ligand 
described in Example l was compared to that of 

C-misonidazole. The microregional distribution 
of both agents was virtually identical and was 
similar to that found previously for "C-deoxy- 
glucrose: high uptake in the hypoxic border zone of 
the ischemic territory and low uptake in normoxic 
regions and in the center of the ischemic 
territory where flow is limiting. 

Example lt>« 

Demonstration of Efficacy in a Rat Focal Cerebral 
Ischemia Mnrt»i 



A model of focal cerebral ischemia 

ar^VT 60 ° CClUSi ° n ° f inte ™* "rotid 
artery and the ipsilateral middle cerebral artery 

(MCA) m spontaneously hypertensive rats (SHR) wis 
characterized using the double-label autoradio- 
graphy procedure described in Example 10. i„ this 
case, "«Tcci (DMC)32M p (Narra et al>> 
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that, in the case of **»t c coaplex of ^ 
descrxbed in Example l, the hypoxic-normoxic 
optical density ratio was 7:1. These findings 
demonstrate the efficacy of the complex of 

the Ugand described in Example 1 for both acute 
and chronic episodes of focal cerebral ischemia. 

Example n 

Demonstration of Efficacy Is olated Perfused 
Heart studio - 

_ Hearts were excised from male Sprague 
Dawley rats (275-325 g) and were perfused 
retrogradely using the Langendorff method 
(0. Langendorff, ffleuoers Arch peg Physio] 61 
291, 1985) with modifications described £ vlou sly 

ttaUii. 253 (Heart Circ. Physiol. 22): BIO^T" 
1987) m the isolated state at 37-c with Krebs- 

NaTmsYlw ^ PGrfUSate ««*~ Ci° -I 

n po <1 I4 - 73 ' CaClj C1 ' 8J ' « 10.51. 

KH2P0. [1.2], MgS04 [1.2], NaH C0 3 [25], glucose 

-in-S™'**" t0 * 2] ' ^ inSUliD (12 «W «* was 
equilibrated with 0 2 :C0 2 (95:5) (global normoxia) 

or N 2 :C0 2 (95:5) (global hypoxia). The hearts 
were paced continuously at 5 Hz. Perfusion 
pressure was maintained at 72 cm H 2 o for 20 
flutes in order to allow the hearts to adjust to 
the isolated state. After this initial ad ustm^t 
Period perfusate flow was maintained constant at 
a level similar to that obtained at the end of the 
adjustment period, i.e., 7-8 „Vmin/g wet weight 
using a peristaltic pump. 
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For determination of oxygen consumption, a 
cannula was placed in the right ventricle via the 
pulmonary artery. A pump removed a small fraction 
of the coronary effluent at 1 mL/min. . and its 
oxygen concentration was monitored continuously by 
an in-line Clark-type electrode, in the normoxic 
state, the influent oxygen concentration was 
maintained at 956 p M . Coronary flow was measured 
by collecting the effluent from the right and left 
pulmonary arteries in a 10 mL graduated cylinder. 
Oxygen consumption was calculated from the product 
of the influent-effluent oxygen concentration 
difference and the coronary flow. During 
perfusion with hypoxic medium, only the effluent 
oxygen concentration was recorded. Typically, 
effluent oxygen concentration was 505 pM in xhe 
normoxic studies and 17 m m in the hypoxic 
studies . 

The heart was perfused with either normoxic 
or hypoxic medium for 30 minutes prior to the 
administration of the test compound. The Tc-99m 
tracer was administered over 20 minutes by infusion 
into the perfusate, and radioactivity in the 
perfused heart was detected by a collioated Nal 
crystal positioned 3-4 cm from the right ventricle 
and perpendicular to the vertical axis of the 
heart. The radioactivity remaining in the heart 
at 40 minutes after the end of the infusion period 
was divided by the peak level of radioactivity to 
give a measure of retention. Results (n=4) are 
shown in the table, below: 
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-Retent-inn of T ___, . 

—i-Tracer m r.-, 

^£fused_Rat_Hear^ 



Tc-99o complex of 
ligand in Ex. i 

[Tc-99mjTcCl(CDO) 3 MeB** 
fTc-99 ffl ]TcCl(DMG) 3 2MP** 



33.5±2.5 
71.315.5* 
68.510.5 

"Prior Art Boronic Ac i d *„„ *° = 3 
4,705,849) ld MdUCts CO. S. Patent 



65.313 
63.313.7 
48.711.3 
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morphological analysis (using a hemocytometer ) of 
viability and were maintained at 37»c during the 
experiments. The number of quiescent, rod shaped 
cells ranged from 70-90% within a total population 
of 5-9 X 106 cells> 

The isolated myocytes were maintained in 
either a normoxic, hypoxic or anoxic state. 
Hypoxia was induced by providing an atmosphere of 
argon atop of the cells and sealing the flask 
during the incubation period. Glucose oxidase 
Plus catalase (5/5 mg) was added to argon treated 
cells to provide anoxia. Cells were suspended 
(6.5-7.5 X 10* cells/ml) in isolation media and 
aliquots were added to incubation vials maintained 
at 37°c. 

After incubation with a test compound- 
myocytes were deproteinated with 1% ice-cold 
perchloric acid and centrifuged at 12,000 rpm for 
30 sec. The supernatent was separated from the 
pellet and each counted using a LKB 1282 gamma 
counter. Alternatively, myocytes were separated 
from the suspending media by passing the cells 
though 99% dibutyl phthalate by centrifugation at 
12,000 rpm for 30 sec. The three phases were 
separated and counted as described above. Results 
for the Tc-99m complex of the compound in Example 
1 are given below: 
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C ° ndition PCA ^llet Cel^Pellet oil 

Normoxia 

<n=5) 40.5±2.7 23.2±3.7 
Hypoxia (Argon) 

(n=4) -48:s±3.4 36.9±8.8 
Anoxia (Glucose 
Oxidase) 

<n=4) 55.5±5.8 48.8±4.2 



22.8±2.2 
20.1±5.3 

9.0±2.6 



Values represent means ± s.E.M. for the number of 
experiments noted in the parentheses. The values 
are the percent of total radioactivity represented 
by each case, pca pellet = perchloric acid- 
precipitated pellet which represents the activity 
associated with proteins/membranes, cell pellet - 
whole cells passed through a layer of dibutyl 
Phthalate (oil). u«nrcyi 

These data demonstrate that the Tc-99m 
complex of the compound in Example 1 shows 
retention in the sequence anoxia>hypoxia>normoxia. 
Since a significant proportion of tracer was 
retained in normoxic myocytes, a separate study 
with isolated myocytes was undertaken. 

Addition of an uncoupler of p-oxidative 
Phosphorylation, carbonyl cyanide p-trifluoro- 
methoxyphenylhydrazone (FCCP), „ni ch completely 
oxidizes the mitochondrial electron transport 
c*axn (HADW ratio and the redox potential of 
the cells decrease) but decreases the 
Phosphorylation potential ( [ATPJ/fADP] fPi] , to 
levels similar to that found in hypoxia, had no 
effect on the retention of the Tc-99» complex of 
the compound in Example l in normoxic cells. 
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Moreover, addition of cyanide to separate cell 
suspensions <n=3), which inhibits electron 
transport between cytochrome oxidase and oxygen 
(NADH/nad ratio and redox potential increase) but 
also decreases the phosphorylation potential to 
very low levels, had no effect on retention in 
normoxic cells. These results suggest that: 

1) retention of the Tc-99m complex of the 
compound in Example 1 in normoxic cells is not 
dependent on the redox state of the intramito- 
chondrial pyridine nucleotides and is most likely 
due to its lipophilicity or other molecular 
interactions affecting binding to cellular 
material, if the amount retained in normoxic 
cells was dependent upon the redox state, 
retention would have been expected to decrease 
upon addition of FCCP. 

2) Significant retention of the Tc-99m 
complex of the compound in Example 1 requires an 
oxygen-free or low oxygen milieu. An increase in 
the redox potential (cyanide) is not sufficient to 
affect the level of retention. The latter results 
were confirmed using Na Amobarbital which also 
inhibits electron flux but at site I of the 
respiratory chain (NADH/NAD+ ra,tio increases). 

3) Most importantly, by uncoupling the 
cells and by addition of cyanide, the energy state 
of the cells was reduced to levels that were 
likely similar to that obtained with oxygen 
deprivation. Thus, any changes in cellular 
permeability, geometry and viability were also 
similar, suggesting that retention was due to 
reduction of the nitro moiety of the Tc-99m 
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complex of the compound in Example 1 in the 
absence of oxygen. These data indicate that, in 
hypoxia, the Tc-99m complex of the compound in 
Example 1 becomes trapped within the hypoxic cells. 
5 When cellular integrity was disrupted by 

freezing and thawing the cells (3X) before 
incubation with the Tc-99m complex of the compound 
in Example 1 under normoxic and hypoxic (glucose 
oxidase) conditions, the percentage of activity 

10 associated with the protein/membrane fragments was 
similar (normoxic = 23.3±0.8%, anoxic = 25.312.5%, 
n ■ 3). The latter indicates that an intact cell 
is required for trapping of the compound. 

Several Tc-99m complexes were examined in 

15 isolated myocytes using the protocol described 

above. The percentage of activity retained in the 
cell pellet was determined under anoxic and — 
normoxic states. Results are shown below: 



% in Cell Pellet 



20 





99m Tc Complex of 
Compound in Ex. 1 


99m Tc .Complex of 
Compound in Ex. 2 


Normoxia 


24.1±2.3 


23.5±1.7 


Anoxia 


53.0±2.2 


39.9±0.5 


Anoxia/normoxia 






ratio 


2.3 


1.7 
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rr % in Cell Pellet 




c mplex of 
Compound in Ex. 4 


^ ym Tc Complex of 
tompouna in Ex . 5 


Nonaoxia 
Anoxia 

anoxi a/normoxi a 


10.910.8 
48.6±9.8 


10.0 (n=l) 
18.2 (n=l) 


ratio 


4.4 


1.8 




99m Tc Complex of 
6 -methyl -PnAO 


99a Tc Complex of 
o-nvaroxv-PnAO 


Nonaoxia 
Anoxia 

anoxi a/normoxi a 


17.4 (n=l) 
22.7 (n=l) 


7.1 (n=l) 

9.2 (n=l) 


ratio 


1.3 


1.3 




99a Tc Complex of 
TcCKCDO^M** 


99in Tc Complex of 
TCC1(DMG),2MP 


Normoxia 
Anoxia 

anoxia/normoxia 


73.6 (n-2) 
83.5 (n=2) 


69.5 (n=2) 
80.0 (n=2) 


ratio 


1.1 


1.2 



The "Tc-complexes of 6-methyl PnAO 
(3,3,6,9, 9-pentamethyl-4 . e-diazaundecane-2 , 10- 
dione dioxime) and 6-hydroxy PnA0<6-hydroxy- 
3,3,9. 9-tetramethyl-4 , 8-diazaundecane-2 , 10-dione 
cUoxxme) and the 99ffl Tc-complexes TcCl(CDO) 3 MeB and 
TCC1(DMG)32MP (U. S. Patent 4,705,849) are 
representative neutral, lipophilic complexes which 
do not contain a hypoxia-localizing moiety. These 
data demonstrate greater anoxia/normoxia ratios 
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for the hypoxia-localizing compounds of this 
disclosure than the complexes without a hypoxia- 
localizing moiety. 

In a separate study, the uptake of the " Tc 
complex of the ligand of Example 1 in isolated 
myocytes under normoxia, hypoxia and anoxia was 
compared to 3 H - raiS0 ^ ^.^^ ^ 

InLctr^^SSmf d hyP ° Xia/ n ° rao * ia "tlo. 
Example 1 shows similar selective retention in 
anoxic cells to the hypoxia-localizing compounds 
labeled with 3 H and i» X describea P ° UBd " 
literature. 
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Example 13 

Demonstration of Effi^.^,. <M-,.„ i es in Isola1 . ed 
Mitochondria 

Mitochondria were prepared from hearts of 
male Sprague Dawley rats (200 g) using the 
isolation procedure of Fuller etal., (E. 0. 
Fuller, D. I. Golderg, 3. w. stames, M. Sacks, 
and M. J. Delavoria-Papadopoulos, Mol. Cell. 
Cardiol^ 17:71, 1985). The heart was excised 
from anesthetized rats and trimmed free of the 
atria and great vessels. The ventricles were 
minced in ice-cold isolation medium (0.225 M 
mannitol, 75 m sucrose, l.o mM EGTA and 10 mM 
MOPS, pH 7.4), briefly exposed to the proteolytic 
enzyme preparation, Nagase (Enzyme Development 
Corp., Hew York, NY), and homogenized with a 
polytron. The mitochondria were separated from 
the remainder of the broken cells using' density 
gradient centrifugation. 

Three nitroimidazole compounds were 
incubated at 37«c for 60 minutes in isolated 
mitochodria. Hypoxia and anoxia were induced as 
outlined in Example 12. The percentage of 
radioactivity associated with the mitochondria art 
shown in the following table: 
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°Tc Complex. of 99a T C Complex of 

Lioand in Fv i Liqand in Ex . a 

Normoxia 27 . 8±1 . 2 15.710.4 

Hypoxia 39.2±1.0 47.713.7 

Hypoxia/Normoxia 1.410.1 3.110.3 

Values are given in percent of total radioactivity 
within an aliquot and represent means 1S.E.M. 
Compounds were tested using the same preparation 
of mitochondria. 



These data indicate that mitochondria may 
have a role in the selective retention of these 
radiotracers under hypoxic and normoxic 
conditions . 
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^hesis_of 3.3.6.6.9. 9-Hexamethyl-l- (2 -nitro-lH- 
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A. NMS-Amino^^-d^ethylpropyD-i-amino-l 1- 
aimBrhvi-->-hiiran» na n . rinir 

To a solution of 2. 2 -dimethyl -1.3 -propane 
famine (69 g, 0.75 mole, in dry methanol (100 mL) , 
3-chloro-3-methyl-2-nitrosobutane (20.55 g, 0 15 
mole Example 1, was added in portions at 0'c'over a 
period of 2 hours. The r ea rn„„ • 
stim* .„ ■ reaction mixture was then 

stirred at room temperature for 20 hours. The 
solvent was removed under reduced pressure to give a 

cooled in""- ^ ^ ^ the was 

the r ^ SOlUti ° n Was fiite - d — 

or sodium h " aS ^ C ° P " 10 - n * the 

of sodium hydroxide. The solution was cooled again 

and filtered. The filtrate was concentrated under 

e hL re r:T to a paste ^ then 

ether repeatedly (io x 50 . The combined ether 
" ;:j aS =™ted to give an oil which was 

the U 1 tW1CS fr ° m Petr ° leUm eth - "> yield 

(20 0 a C ° mPOUnd " 3 C ° l0rleSS "Valine solid 
(20.0 b). m.p. 58-60-C. 1„ NMR [CDC1 3 ] : 6 0.85 (s 6H 

rt' ^/v* . 3h. n= l;:'2 6 " 

<s, 2H, NCH 2 ) and 2.6 (s. 2H. N-CH 2 ). 



B. 



30 



3.3. 6, 6. 9. 9-Hexamethyl-l- <2-nitro-lH-imida 2 o- 



g Tln S Cr r Ced diiS °^^t hy iamine (0.39 

g. 3 «l, m dichloromethane (5 mL, and stirred. 
3-Chloro-3-methyl-l- (2-nitro-lH-imidazo-l-yl, -2- 



-94- 



RB90b 



nitrosobutane (0.783 g, 3 mmol, Example 
1 (B) ) was added and the reaction mixture 
was stirred at room temperature for 48 
hours. All volatile material was removed under 
reduced pressure and the resultant paste was 
dissolved dichloromethane (2 mL) . This solution was 
loaded onto a flash silica gel column. The column 
was slowly eluted with 0-5% methanol in dichloro- 
methane until all of the product had eluted. The 
crude product was purified by chromatography twice 
more to give a pale yellow product with -97% purity 
by HPLC analysis. The product was dried under vacuum 
at room temperature for 24 hours to give 0.12 g of 
the title compound, m.p: - the solid becomes a glass 
at 80-83«C and melts at 118-120'C with decomposition. 
H NMR [CDC1 3 ]: 8 0.8 <s. 6H. CMe 2 ) , 1.2 (s, 12_H N- 
0*e 2 ), 1.9 ( S , 3H, NaCMe) , 2.2 (2s d. 4H. N-CH 2 ), 5.4 
(s. 2H, imidazole CH 2 ) , 7.1 ( S . IH. imidH) and 7.15 
(S, IH. imidH). M.S. (M + H] + 412. 
Analysis calc'd for C 18 H 33 N704 • 0.6 THF and 0.1 H 2 0: 

C. 53.73; H, 8.39; N, 21.50; 
Found: C, 53.73; H. 8.55; N. 21.28. 

Synthesis of 6. 6-Diechyl-3 , 3 . 9 . 9-tetramethyl-l- (2- 

nitro-lH-imidazo-l-yl)-4 ( e-diazaundecane-2.10-dione 
djiagime 

A. N- (2-Aminomethyl-2-ethylbutyl) -1 -amino- 1, l- 

dime&faad^bujtflaaae "Trim- 

3 -Chloro-3-methyl-2 -nitrosobutane (4.59 g, 
0.034 mol) was added portionwise to a cooled (0°C) 
solution of 5 ( 5-diethyl-l,3-diaminopropane (8.86 g. 
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0. 068 mol) in methanol (40 mL) . After the addition, 
the reaction mixture was allowed to warm to room 
temperature and stirred for 48 hours. Methanol was 
removed on a rotary evaporator. The residue was 
dissolved in dioxane-water (2:1, 300 bL) and the 
solution. was cooled to 0°C. Sodium carbonate (15.9 
g, 0.15 mol) was added to this mixture followed by 
di-t-butyl dicarbonate (32.73 g, 0.15 mol). The 
reaction mixture was stirred at 0°C for 2 hours and 
at room temperature for 12 hours. Dioxane and water 
were removed on a rotary evaporator and the residue 
was poured into water and extracted with ether. The 
ether solution was washed with water and dried with 
sodium sulfate. Ether was removed on a rotary 
evaporator and the residue was chromatographed over 
silica gel (hexane-ethyl acetate, 7:3). Di-t-Boc-5. 5- 
diethyl-l,3-diamino propane eluted in the earlier ' 
fractions. The fractions containing the Boc 
derivative of the product were collected and the 
solvent was evaporated to yield a thick oil which 
solidified on standing (4.2 g). This was treated 
with methanolic HC1 (25 mL) at room temperature for 
30. minutes. Methanol was removed under reduced 
pressure and the solid obtained was neutralized with 
methanolic ammonia to yield the title A compound as a 
white solid. This was used for the next step without 
further purification. i H NMR (D 2 0) 8 0.8 (t. 6H, 
CH 3 ), 1.43 <q ( 4H, CH 2 ) . 1.52 (s. 6H. C(CH 3 ) 2 ). 1.84 
(s. 3H. CH 3 ). 2.99 (d. 4H, CH 2 ) . 
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B. 

fliasiae 



6, 6-Diethyl-3 .3.9 . 9-tetramethyl-l- (2-nitro-lH- 
imidazo-l-yl ) -4 , 8-diazaundecane-2 . 10-dione 
dioxime 

Diisopropylethylamine (0.65 g, 0.005 mol) was 
5 added to a slurry of N- (2-aminomethyl-2-ethylbutyl) - 
l-amino-l.l-dimethyl-2-butanone oxime (1.15 g. 0.005 
mol) and 3-chloro-3-methyl-i- (2-nitro-lH-imidazo-l- 
yl>-2-nxcrosobucane (1.23 g, 0.005 mol. Example 1) in 
acetonitrile. The reaction mixture was stirred at 

10 room temperature for 48 hours. Acetonitrile was 
removed under reduced pressure and the residue was 
chromatographed over silica gel (methylene chloride- 
methanol. 95.5:0.5). Fractions containing the 
product were collected and evaporated on a rotary 

15 evaporator. The resultant oil was dissolved in a 
minimum amount of CHCI 3 and left in the refrigerator 

lir Sed ^ rem ° Ved * filtrati -' - 

air dried (0.62g), m .p. 124-125°c 

Analysis calc'd for C20H37N7O4: 
20 C ' 54 -64; H, 8.48; N, 22.29; 

Found: C. .54.45; H, 8.50; N, 22.16. 



25 



30 



Synthesis of 6.6-Diethyl-3.3.9.9-tetramethyl-l.(4- 

„ Diis °P r °P^ethylamine (0.65 g, 0.005 mol) was 
added to a slurry of N- (2-aminomethyl-2-ethylbutyl) - 
l-amino-l.l-dimethyl-2-butanoneoxime (0.46 g, 0.002 
mol. Example 15) and 3-chloro-3-methyl-l- (4-nitro-lH- 
-Ktaxo-l-yD-a-aitroMtafn. (0.47 g ( 0.002 mol, 
Example 2) in acetonitrile was added and the mixture 
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>7- 



10 



15 



20 



25 



30 



was stirred at room temperature for 48 hours 
Acetozutrile was removed under reduced pressure and 
the residu was chromatographed over silica gel 
(methylene chloride-methanol . 80:20). UV positive " 
fractions were collected and evaporated on a rotary 
evaporator. The light yellow oil obtained solidified 
on standing , 0 .52 g,. ljj nmr (DMSO-dg) : 8 0.76 <m. 

J, <m S ' 16H ' Cfl2CH3 3nd C <CH 3)2). 

l-« <s. 3H, CH 3 ) 1.73 and 1.85 (s, «. CH 2NH , , 5.02 

< ». N-CH 2 ), 7.8 and 8.24 (., 2H , imi . H , ( U .l 
and 11.8 (s, 2H, N-OH) . 

Analysis calc'd for C 20 H 37 N 7 O 4 . 2.71 h 2 0: 

C 49.19; H, 8.75; N, 20.08; 
Found: C. 49.17; H, 8.13; N, 19.72. 

^sisof 3.3.9. 9-Tetramethyl-l. 11-bis (2-nitro-lH- 



A slurry of 3-chloro-3-methyl-l- (2-nitro-lH- 
^ r; yl) - 2 - ni c r oso b ucane (0.5 g. 0.002 mo" 
Example 1 xnacetonitrile (5 was maintained at 
« C for 10 minutes. To this suspension was added a ■ 
mixture of 1.3-propanediamine (75 mg, 0.001 mol an 
dx^sopropylethylamine (300 mg. 0.002 mol). The 
stirred mixture was maintained at 45°c for 15 min A 
clear solution was formed in 10 minutes 
Acetonitrile and diisopropylethylamine were removed 
on a rotary evaporator and the residue was dissolved 
» water (0.5 mL, and made basic with aqueous 
ammonia. The solution was extracted with ethyl 
acetate and the ethyl acetate layer was removed and 
dried wxth sodium sulfate. Evaporation of ethyl 
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acetate gave an oil which was chromatographed over 
silica gel (methylene chloride: methanol, 8:2). uv 
visible fractions were combined and evaporated to 
give a thick oil which was dried under vacuum. The 
product was crystallized from acetonitrile (172 mg) , 
mp 163-64.°C. *H NMR (DMSO d 6 ) 5 1.26 (s, 12H, CH 3 ), 
1.89 (ra, 2H, HNCH 2 Cfl2CH 2 NH) , 2.12 <m, 4H, 
HNC2i2CH 2 Cli2NH) , 5.22<s, 2H, CH 2 N<) , 7.07 and 7.23 (s, 
2H, imiH), 11.4 <s,2H, OH). MS (FAB) ; (M+H) * = 495. 
Analysis Calc'd for Ci9H 3 oNio0 6 -0 . 56 H 2 0: 

C, 45.22; H, 6.22; N, 27.66; 
Found: C, 45.32; H, 6.09; N, 27.66. 

ExamnlP 1ft 

Synthesis Of 3 3 2 • 9-Tptram^hvl-6-mpt:>i oxv-l- (2- 

iutro-1 H-imi daaozJ -vi ) -4 . azdiazaimdacanj^ J n- 

dione riiovimo - 
A. 2^Methoxv-l , 3 -diatninnnropanp 

N,N' -di-t-Boc-2-hydroxydiaminopropane was 
prepared as follows. To a solution of l,3rdiamino- 
2-hydroxy propane (25 g, 0.277 mole) in water (20 
ml), di-tert -butyl dicarbonate (133 g, 0.61 mole) 
in THF (200 ml) was added followed by triethylamine 
(62 g, 0.7 mole) at 0°C and stirred for 2 hours. 
The reaction mixture was allowed to come to room 
temperature and kept stirred for 16 hours more. 
Solvent THF and triethylamine were removed under 
aspirator vacuum and the paste was diluted with 
water (250 ml) . The solution was then thoroughly 
extracted with ethyl acetate (5 x 100 ml) and the 
combined organic layer was washed with water and 
brine. The dried ethyl acetate layer was 
concentrated under reduced pressure to a gummy 
residue which was triturated with hexanes to yield 
a colorless solid. The solid was then 
recrystallized from hexanes/ether . 
Yield: 55.0 g (68%). m.p. 99 - 101°C. *H NMR 
(CDC1 3 ) 8 1.45 (s, 9H, t-C4H9), 3.20 (m, 4H, 
HNCH2CHOHCH2NH) , 3.72 (m, 1H, HNCH2CHOHCH2NH) , 5.05 
(bs, 1H, NHCO) . 

Sodium hydride (2.4 g, 0.1 mol) was added in 
small portions to a solution of the product 
N,N' -di-t-Boc-2-hydroxypropanediamine (30 g., 103 
mol) in dry THF (600 ml) over a period of 30 
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minutes. Methyl iodide (21.3 g, 0.15 mol) was 
added dropwise and the mixture stirred at room 
temperature for 6 hours. Additional methyl iodide 
(21.3 g, 0.15 mol) was added and the stirring was 
continued for further 6 hours. THF and excess 
methyl iodide were removed on a rotary evaporator 
and the viscous oil obtained was chromatographed 
over silica gel (hexane : ethyl acetate 9:1). 
Fractions containing the N,N' -di-t-Boc-2-methoxy- 
1.3-diaminopropane were collected and evaporated. 
The resultant oil solidified on standing, it was 
crystallized from hexane (17.2 g) , mp 74 - 75°c, 
NMR (CDCI3) 5 1.45 <s. 9H, t-C 4 H 9 ), 3.05 - 3.35 (m, 
<H, HNC#2CHOCH3C#2NH) , 3.41 (s, 3H, OCH3), 5.05 
(bs, 1H, NHCO) . 

N.N- -Di-t-bac-2-methoxy-l , 3 -diaminopropaae 
(31.7 g, 0.1 mol) was added to methanolic HC1 (100 
mL) and the solution was stirred at room temperature 
for 30 minutes. Methanol was removed on a rotary 
evaporator and the residue was treated with 
methanolic ammonia to afford the title A compound as 
a thick viscous oil (9.2 g) . l H NMR (D 2 0) 8 3.08-3.32 
(m. 4H, H^CifcCHOCHsCifeNHz), 3.31 (s, 3H, OCH3 ) . 3.52 
(m, 1H, CH) 

B. N- ( 3 -Amino-2 -methoxypropy 1 ) - 1 -ammo-1 , 1 - 

dimethyl -?-htir a r.ry,o ggjjne • 

The title A compound (9.2 g, 0.091 mol) was 
dissolved in absolute methanol (50 mL) and the 
solution was cooled to 0»C. 3-Chloro-3-mechyl-2- 
nitrosobutane (6.25 g, 0.04 mol. Example 1) was added 
over a period of 1 hour. The reaction mixture was 
stirred at 0°c for further 1 hour and at room 
temperature for 12 hours. Methanol was removed on a 
rotary evaporator and the residue was dissolved in 
dioxane-water (2:1. 300 mL) and the solution was 
cooled to 0°C. sodium carbonate (21.2 g. 0.2 mol) 
was added to this solution, followed by di-tert- 
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butyl dicarbonace (42.0 g, 0.2 mol) . The reaction 
mixture was stirred at 0»c for 1 hour and room 
temperature for 6 hours. Dioxane-water was removed 
on a rotary evaporator and the residue was poured 
into water and extracted with ethyl acetate. The 
ethyl acetate layer was washed with water and dried 
(Na 2 S0 4 ) . This solution was evaporated on a rotary 
evaporator and the residue was chromatographed over 
silica gel (hexane : ethyl acetate 50:50). N,N'-di-t- 
boc-2-methoxy-1.3-diaminopropane (formed from the 
unreacted 2-methoxy-l. 3 -diaminopropane ) eluted first. 
The t-boc derivative of the product was collected and 
evaporated to a thick oil which solidified on 
standing,, yield 7.5 g (25%). l H nmr (CDC1 3 ) 8 1.22 
<S. 6H, CH 3 ). 1.42 <s, 9H. t-C 4 H 9 ) . 1.6 (bs, 1H. NH) , 
1.85 (s, 3H, CH 3 C=NOH), 2.52-3.28 (m, 4H, 
HNCH2CH0CH3CH2NH2), 3.41 ( S( 3 H, OCH 3 ) . 4.12 (q. 1H. 
CH) , 5.35 (bs, lH, NHCO) . 

The t-Boc derivative (7.5 g, 0.0035 mol) was 
dissolved in methanolic HC1 (50 mL) and the solution 
was stirred at room temperature for 30 minutes. 
Anhydrous ether (300 mL) was added and the 
precipitated amine-oxime hydrochloride was collected 
by filtration and dried under vacuum. The solid was 
dissolved in methanol and neutralized with methanolic 
ammonia. Methanol was removed on a rotary evaporator 
and the free base thus obtained was dried under 
vacuum (3.8 g) . l H nmr (D 2 0) 5 1.22 (s. 6H, CH 3 ). 
1.81 <s, CH 3 C=N0H), 2.52-3.18 (m, 4H. 

HNCH2CHCHOCH3C&NH2), 3.31 (s. 3H. OCH 3 , , 3.52 (m, 1H. 
mi 



CH) 



C 3 ' 3 <9<3-Tetramethyl-6-methoxy-l-(2-nitro-lH- 

imidazo-l-yl) -4, 8-diazaundecane-2. 10-dione 
dioxima 

Diisopropylethylamine (0.35 g, 0.0028 mol) was 
added to a slurry of the title B compound (0.5 g 
0.0025 mol) and 3-chloro-3-methyl-l- (2-nitro-lH- 
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imidazo-l-yl,-2-nicrosobutane (0.7 g. 0.0028 mol, Example 
1) in acetonitrile (5 mL) , and the reaction mixture 
was heated to 45°C, with stirring. A clear solution 
was formed in 15 minutes. The reaction mixture was 
stirred at 45°C for a further 1 hour. Acetonitrile was 
removed on a rotary evaporator and. the residue was 
dried under vacuum. The viscous oil obtained was 
treated wich methanolic ammonia and methanol was 
removed under vacuum. The resultant oil was 
chromatographed over silica gel (methylene chloride: 
methanol 8:2). uv visible fractions were collected 
and evaporated on a rotary evaporator. The resultant 
solid was crystallized from acetonitrile (0.12 g) , mp 
169-70°C .MS: (M + H)» calc'd: 414.2465; found: 
414.2472. 

Anal, calc'd for. C17H31N7O5: 

C 49.38; H. 7.56; N, 23.71; 
Found: C, 49.70; H, 7.59; N, 23.73. 



Examnl* ]Q 

Synthesis of [»9 T c] Oxo[ [4. 4, 10, 10-tetramethyl-l- (2- 
nitro-lH-imidazo-l-yl) -5. 9-dia 2 adodecane-3 . 11-dione 

fl i pxiTnm-Pl n-)-N,N- n* w * 1 Lashnatiumm 

Ethylene glycol (150 U L) was added to a 
stirred solution of [N(t-butyl) 4 ] T cOCl 4 - (59.9 mg, 
0.120 mmoles) dissolved in 1.0 ml MeOH. This was 
followed by the addition of 0.75M Na acetate in MeOH 
(1.5 mL) and 4. 4. 10. 10-tetramethyl-l- (2-nitro-lH- 
imidazol-l-yl) -5. 9-diazadodecane-3 . 11-dione dioxime 
(70.6 mg, 0.178 mmoles. Example 3) which caused the 
solution to turn clear red-orange-brown. After 5 
minutes the solvent was removed by rotary evaporation 
to give a viscous, red-orange, opaque oil. The 
product was redissolved in methylene chloride, and 
this solution was washed with water (2 x 2.5 mL), and 
then dried over Na 2 S0 4 . This solution was evaporated 
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by rotary evaporation to yield to a bright orange 
solid. The solid was redissolved in <i ml C H 2 C1 2 
and the product purified by passage through a silica 
gel column that was conditioned and eluted with 
diethyl ether. The orange band was collected, and 
the solvent evaporated to give a bright red solid and 
which was recrystallized from CH 2 Cl 2 /hexane. The 
product was isolated by suction filtration, rinsed 
with hexane and dried 1^ overnight. The yield 
of the product was 29.5 mg as small, bright orange 
crystals. M.S.: (M+H)* = 510; (MH) " = 508 
Analysis calc;d. for C 17 H 28 N 7 o 5 Tc: 

C 40.08; H, 5.54; N. 19.25; 
Found: C. 39.92; H. 5.84; N. 19. i5 . 

ExaTnn) g ?ft 

Synthesis of 0x O[[ 3 ,3. 6. 6. 9, 9-hexamethyl-!- 

(2-mtro-lH-imidazo-l-yl) -4. 8-diazaundecane-2. 10- 
r^^l^^ l j;'!;^;;^'^' 1 ^chnetium(V). by 

! /^'^^^^"^"^^-^-nitro-lH-imidazo, 

^ D i!l4T a2aundecane ' 2 ' 10 " dionedioxime (3 ' 08 ^. 

Example 14) was dissolved in EtOH (1 mi) 0 1M 

XTo" S ° diUi ; biCarb ° nate '0.5 mu"and 

^=04 in saline (0.8 mL. 57.1 mC i, were added. 

followed by a saturated solution of stannous tartrate 

in sau„ e (150 ml, . The mixture was shaken, and 

allowed to stand at room temperature for 10 minutes 
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ExamnlA 22 

Synthesis of [99*t C ) Oxo( [3 , 3, 9. 9-tetramethyl-l- (2- 
nitro-lH-imidazo-l-yl) -4 . 8-diazaundecane-2 , 10-dione 
dioximato] (3-)-n,N" ( n«. N -.] technetium(V) using 
SnDTPA as rho r-ort 1iriT17 nl?m 

A kit containing 2 mg of the ligand in Example 
1 in a lyophilized form was prepared. A vial of the 
above lyophilized formulation was reconstituted with 
saline and 9»»Tc-generator eluate, such that the 
total reconstitution volume was 2 mL and the 
radioactive concentration adjusted as required. A 
vial of a commercially-available kit containing 500 
ng of stannous chloride and 10 mg of dtpa was 
reconstituted with 2 mL of saline. ' 100 nL of the 
stannous DTPA solution was transferred to the above 
reconstituted kit of the ligand in Example 1. The 
vial was shaken and allowed to stand at room 
temperature for 10 minutes. The radiochemical purity 
of the product was assayed by HPLC, and determined to 
be >95%. 
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ExamnlP 22 



The results of the further compounds tested in 
accordance with Example 8 are summarized below. 



10 



15 



Compound 








n ^une / n u m hp r 






Reduction nrocp^ 


Compound from Ex. 


2 


-1.81 


reversible 


Compound from Ex. 


3 


-1.54 


reversible 


Compound from Ex. 


4 


-1.51 


reversible 


Compound from Ex. 


5 


-1.52 


reversible 


Compound from- Ex. 


6a 


-1.81 • 


reversible 






-2.02 


irreversible 


Compound from Ex. 


6b 


-1.48 


reversible 






-1.96 


irreversible 


Compound from Ex. 


19 


-1.53 


reversible 






-2.07 


irreversible 
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Example 23 

SYnthftfllS Of 1, 1.6,9, fa-nit.ro-lH- 
imidaZQl-l-Vl ) -4 . 8-rii a7aundgcanP-2 .lfl^inn e dioximp 

5 A. Preparation of 2-MPfhyl malnnam^P 

Dimethyl methylmalonate (100.0 g, 0.68 mol) 
in dry methanol (500 mL) was saturated with dry 
ammonia gas at 0°C and the reaction mixture was 
stirred at room temperature for 24 hours. The 
10 colorless solid which separated was isolated by 
filtration, washed and dried to yield the title 
product; yield: 77.0 g (96%); mp. 209-210°C; *H NMR 
(DMSO-d 6 ) 5 1.34(d, 3H, CH 3 ), 3.18 (q, 1H, CH) , 7.05 
& 7.35 (2bs, 4H, CONH 2 ) . 

15 

B - Preparation Of ] . l-DiaTn^nn-2~TnP^bY'lpr n fffl^ g> 

Borane in tetrahydrofuran (THF) (1M, 1100 
mL) was added from a syringe to a suspension of 2- 
methyl malonamide (25.0 g, 215.5 mmol) in- THF (50 

20 mL) over a period of 30 minutes, then stirred at 
40°C under nitrogen atmosphere for 24 hours. The 
reaction mixture was then cooled to 0°C. HC1 (2N, 
40 mL) was added and the mixture was stirred for 30 
minutes. The solvent was removed on a rotary 

25 evaporator and the semi-solid thus obtained was co- 
evaporated with dry methanol (5 x 20 mL) to remove 
boric acid. After neutralization with IN NaOH, the 
resulting oil was distilled under reduced pressure 
to provide the title product as a colorless oil. 

30 Yield: 13.65 g (72%); bp. 90-92°C/108-U0 mm. *H 
NMR (CDC1 3 ) S0.96(d, 3H, CH 3 ), 1.50(m, 1H, CH) , 
2.72 (q, 2H, NCtf 2 ), 2.55 (q, 2H, NCH 2 ) . 



Preparation of 1- H-Amirm-a-mPt-hyi 
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prgpyInm1nP)-3-mprhvi-i-fa-n^r-n 1nii d ayn wn_ 

2- hnt-annno oyi m° 

3 - Chloro-3 -methyl-1- (2-nitroimidazolyl ) -2- 
nitrosobucane (1.5 g, 6.09 nunol. Example 1) was 

5 added portionwise over a period of 30 minutes to a 
stirred solution of 1, 3-diamino-2-methylpropane 
(3^.0 g, 34.10 mmol) in dry acetonitrile (30 mL) at 
50°C. After the addition the reaction mixture was 
allowed to remain at 50°C for an additional 30 

10 minutes. The reaction mixture was then cooled and 
solvent was removed on a rotary evaporator to a 
give a paste. This was crystallized from 
dichloromethane-ether to afford the title product 
as a light yellow solid; yield: 1.36 g (75%); mp. 

15 102-104 C (decomp); 1h NMR (CDCI3 ) 8 0.89(d, 3H, 
CH 3 ), 1.22[s. 6H. C(CH 3 ) 2 ], 1.51(m, 1H, CH 3 Ctfr, 
2.25 (d, 2H, Ctf 2 NH 2 ). 2.65(m, 2H. mCH 2 ) . 5.31 (s. 
2H, imi-CH 2 ). 7.03 & 7.21(2s, 2H. imi-H) . MS m/e 
299 (M+H)+. 



20 



25 



30 



D - Preparation nfv^o o -nPn^-Pt-wi -3 - f ? _ 
. n i tro-i ff-iml rtazoi -1 -vi | -a . azdiazaundeganfc : 

2.10-dinnft riinvimo 

3-Chloro-3-methyl-2-nitrosobutane (1.0 g, 
7.38 mmol, Example 1) was added in portions to a 
stirred solution of 3- (3-amino-2-methylpropyl- 
amino) -3-methyl-l- (2-nitroimidazolyl) -2-butanone 
oxime (1.0 g, 3.36 mmol) and diisopropylethylamine 
((i-Pr) 2 NEt) (0.48 g, 3.72 mmol) in dry 
acetonitrile (20 mL) at 50°C under nitrogen 
atmosphere. After the addition, the reaction 
mixture was stirred for an additional 2 hours at 
50 C and cooled to room temperature. The solvent 
was removed on a rotary evaporator to yield a paste 
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which was repeatedly crystallized from acetonitrile 
to afford the title product as a cream colored 
solid; yield: 1.10 g (83%); mp. 167-168°C. 1 H NMR 
(DMS0-d 6 ) 8 0.89<d, 3H, Ctf 3 ), 1.311.. 6H. C(Ctf 3 ) 2 ], 
5 1.5812s. 6H. CKW 3 ) 2 J, 1.891s. 3H, C(N=OH)CH 3 ], 
2.28 (m. 1H. CH 3 C/J) , 2.62 & 2.92 (2m, 4H, NHCH 2 ), 
5.31 (s. 2H. imi-C* 2 >, 7.06 & 7.22 (2s. 2H. imi-ff) 
and 10.82 & 11.69(2s, 2H, NOW. MS m/e 398 (M+H) + 
Anal. Calcd for C 17 H 31 N7O4.0.89H2O: C. 47.37; H, 
10 8.12; N, 22.75. Found: C. 47.37; H, 7.85; N, 22.41. 

ExamnlP 7A 
Synthesis of 12-M.t-Wy p<trhnnYl _^ 3 q g 

LfitramaM =2 - P-m i-m-i u=iaj f1 | ^ n1 _j _ y1 1 H R _ 



15 



A ' Preparation of L^atfrxl^ ^ nnn^ rri1f 

A solution of 5-bromo-2-methyl-2-pentene 
(9.5 g. 58.28 mmol) in dry dimethyl formamide (DMF) 
20 (10 mL) was treated with NaCN (5.0 g, 102.04 mmol) 
and stirred at 80°C for 15 hours. The reaction 
mature was then poured into water and extracted 
with ethyl acetate (3 x 50 mL) . The combined 
organic layer was washed with water (2 x 50 mL) , 
dried and evaporated to provide the title product 
as a light brown oil (5.5 g. 84%) which was used in 

^L? S ?V teP With ° Ut further Purification. 1 H NMR 
(CDCI3) 5 1.62 & 1.75 [2s, 6H, C<C* 3 ) 2 ], 2.32[m, 4H, 
CCff 2 ) 2 ], and 5.11(t, 1H, CH) . MS m/e 127 (M + NH 4 )+. 



25 



30 



B. 



frepflrflrion of s-Mr»t-hvi-4-t, fr . nni - nM1 
5-Methyl-4-hexenonitrile (5.5 g, 50.46 mmol) 
was^ treated with NaOH (5N. 50 mL) and heated at 
HOC for 15 hours. After acidification with 
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concentrated HC1 to p H 2.0, the solution was 
extracted with ethyl acetate (3 x 50 mL) . The 
organic layer was then washed with water (2 x 50 
mL) , dried and evaporated under vacuum to afford a 
5 brown liquid. This was purified by vacuum 

distillation. The title product was obtained as a 
colorless liquid in 70% (4.52 g) yield; b.p 75- 
77 c/0.5 mm. 1 H NMR (CDCI3) 8 1.65 & 1.73[2s, 6H. 
C(Cff 3 ) 2 ], 2.38[m, 4H, ICH 2 ) 2 ), 5.08 (t, 1H, CH) and 
10 10.45(bs, 1H, COOtt) . 

C - Preparation of m c ^ y i C -^ hv1 zA=hs3iSD Si al £ 
Freshly prepared diazomethane in ether was 
added to an ice-cooled solution of 5-methyl-4- 
hexenoic acid (4.5 g, 35.16 mmol) in ether (10 mL) 
until the solution became slightly yellow in color. 
The solvent was then evaporated under vacuum to 
afford the title product as a colorless liquid in 
near quantitative yield (4.90 g) . This product was 
used in the next reaction step without further 
purification. 1 H NMR (CDC1 3 ) 5 1.62 & 1.68[2s, 6H, 
C(C* 3 ) 2 ], 2.30[m, 4H. (C« 2 ) 2 ], 3 .69(s. 3H, COOCH3 ) 
and 5.07 (t, 1H, CH) . 



15 



20 



25 



30 



D * Preparation of Mo,-h Yl y r hi^ H - n1rr ^ 7 , r 
methv1ho yf | nrrnrf 

A mixture of isoamyl nitrite (12 mL) and 
methyl 5-methyl-4-hexenoate (4.90 g, 35.00 mmol) 
was cooled to -15°C. To this stirred solution, 
concentrated HC1 (12.5 mL) was added dropwise from 
an addition flask maintaining the temperature of 
the reaction mixture below -5°C. After the 
addition, the reaction mixture was stirred at 0°C 
for 30 minutes, filtered and the precipitate washed 
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with ethanol (-10°C) . The light blue colored solid 
thus obtained was dispersed in petroleum ether (50 
mL) , cooled to - -50°C and filtered to provide the 
title product as a colorless solid. Yield: 3.0 g 
(41.3%); m.p. 90-91°C. X H NMR (CDC1 3 ) 8 1.68 & 
1.71[2s, 6H, C(CH 3 ) 2 ], 2.35[m, 4H, (CH 2 ) 2 ] . 3.73(s, 
3H, COOCH3) and 5.11 (t, 1H, CH) . MS m/e 208 (M+H) + . 

E. Preparation of 3- (Aminopropvl) -3-mPt-hvl -i - 

(2-nitroimidazolvl)-2-butanonP. oximp 

3-Chloro-3-methyl-l- (2-nitroimidazolyl) -2- 

nitrosobutane (1.00 g, 4.06 mmol, Example 1) was 

added in portions over a period of 20 minutes to a 

stirred solution of 1 , 3 -diaminopropane (1.0 g, 

13.50 mmol) in dry acetonitrile at 50°C. After the 

addition, the reaction mixture was maintained at 
0 

50 C for an additional 30 minutes. The reaction 
mixture was then cooled and filtered to provide the 
title compound as a yellow colored solid. For 
further purification, the solid was suspended in a 
small amount of water, stirred and filtered to 
afford the title product in >97% purity; yield: 
0.78 g, (68%); mp. 136-137°C. NMR (DMSO-d 6 ) 5 

I. 19[s, 6H, C(Ctf 3 ) 3 ], 1.37 (m, CH 2 Ctf 2 CH 2 ), 1.52(bs, 
IN, Ntf), 2.21 & 1.54 (2t, 4H, NHCH 2 ), 5.22 (s, 2H, 
imida-CH 2 ), 7.05 & 7.27 (2s, 2H, imida-ring H) and 

II. 42(bs, 1H, NOH). MS m/e 285 (M+H)+. 

F - Preparation of n-mPthnw^rhn nvi-^.VQ.Q. 
tetramftf.hvl -1 - (2-ni rro-i H-imidasni -1 -vi \ . 
4 , 8-difl^dodprane-2 .10~di qhp di nvi mp 
Methyl 5-chloro-5-methyl-4-nitrosohexanoate 
(0.40 g, 1.92 mmol) was added to a suspension of 3- 
(aminopropyl) -3 -methyl- 1- (2-nitroimidazolyl) -2- 
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butanone oxime (0.50 g, 1.76 nutiol) and N,N- 
diisopropylethylamine (0.26 g, 2.02 mmol) in dry 
acetonitrile (25 mL) , and the mixture was stirred 
at room temperature for 5 hours under nitrogen 
atmosphere. The solvent was removed on a rotary 
evaporator and the paste thus obtained was 
triturated with dichloromethane to afford the title 
product as a light yellow colored solid (0.80 g) , 
which was purified by crystallization from 
acetonitrile; mp. 137-139°C; 1h NMR (DMSO-d 6 ) 8 

I. 27[s, 6H, C(CH 3 ) 2 ], 1.48[s, 6H, C(Cff 3 ) 2 ], 1.78 (ra, 
2H, NH), 2.51 & 2.79 [2s & m, 10H, NH(Ctf 2 ) 3 NH, 
<C^ 2 ) 2 COOCH 3 ], 3.62(s, 3H, COOCH 3 ) , 5.29 (s, 2H, 
imi-Ctf 2 ), 7.10 & 7.29 (2s, 2H, imi-tf) and 11.35 & 

II. 71(2s. 2H, NOH) . MS m/e 456 (M+H) + . Anal. Calcd 
for Ci9H 3 3N 7 O 6 -0.98H 2 O: C, 48.36; H, 7.42; N,~ 
20.78. Found: C, 48.18; H, 7.31; N, 20.69. 

Examnlfi 7* 

Synthesis of ii-Efhnxv-vvQ ^^^^ .^ f^ 
nitro-1 H-imi rlarol -1 -vi ) -4 . a-rii aaauadacaaa^ , 1 

A ' PrePflrrition Of 1 -Erhow-3-mPl-h Y l-2-hnrpn* 

Freshly prepared silver oxide (101 g, 0.37 
mol) was added to a mixture of 3-methyl-2-buten-l- 
ol (21.0 g, 25 mL, 0.24 mol) and ethyl iodide (300 
mL) and the stirred mixture was heated in an oil 
bath at.45°C for 6 hrs. Silver salts were removed 
by filtration and the filter cake was washed with 
ether (250 mL) . The filtrate and the washings were 
combined and evaporated to remove ether and excess 
ethyl iodide. The oil thus obtained was distilled 
under atmospheric pressure to yield 14.8 g (51%) of 
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tht title product as a colorless liquid, bp 119- 
120°C. !h NMR (CDCI3) 6 1.2(t, 3H, CH 2 CH 3 ), 1.72 
(d, 6H, C/f 3 ) , 3.45 (m, 2H,Ctf 2 Ctf 3 ), 3.95 (d, 2H, 
CH 2 ), 5.38 (t, 1H, (CH 3 ) 2 C=CH-) . 

B. Preparation of 3-chloro-3-mp^vi-i-pt-how-2- 
nitrosobutane 

Concentrated HC1 was added to a cooled (0- 

o 

5 C) solution of isoamyl nitrite (14.0 g, 0.12 mol) 
and l-ethoxy-;3-methyl-2-butene (6.84 g, 0.06 mol). 
The temperature was maintained below 5°C during the 
addition and the reaction mixture was stirred at 

o 

5 C for an additional 30 min. The product was 
filtered and washed with a cold (-20°C) 1:1 mixture 
of ethanol and ether. The solid was further washed 
with ether to afford the title product as a white 
solid. Yield 6.9 g (64%). mp: 84-85°C. NMR 
(CDCI3) 6 1.12 (t, 3H, CH 2 Ctf 3 ), 1.65 <d, 6H, Ctf 3 ), 
3.49 and 3.95 (m, 2H, Ctf 2 OCH 2 Ctf 3 ), 4.15 <m, 
2H,CJf 2 Ctf 3 ), 6.12 (dd, 1H, [CH 3 ) 2 C=Ctf-] . MS: 180 
(M+H) + . 

C . Preparation of 11 -pf.hoxv-1 .3 , Q , Q- 

tetrflmerhvl -1 - (2-ni tro-i H-imida*ni -1 - Y i 1 - 

4 , 8-diazaundPcanP-? 10-rii nnp Hi nvi 

3-Chloro-3-methyl-l-ethoxy-2-nitrosobutane 
(180 mg, 1.0 mmol) was added to a suspension of 3- 
(aminopropyl) -3-methyl-l- (2-nitroimidazolyl) -2- 
butanone oxime (280 mg, 1.0 mmol. Example 24) and 
N,N-diisopropylethylamine (130 mg, 1.0 mmol) in dry 
acetonitrile (15 mL) , and the reaction mixture was 
stirred at room temperature for 6 hours under 
nitrogen atmosphere. The solvent was then removed 
on a rotary evaporator and the thick oil obtained 
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was triturat d with dichloromethane to afford the 
title product. This was purified by column 
chromatography (silica gel, CH2CI2: CH3OH) , and 
crystallization from acetonitrile. mp. 122-23°C. 
5 NMR (D 2 0) 8 1.12 (t, 3H, CH 2 Ctf 3 ) , 1.32 and 1.45 

[s, 12H, C(CH 3 ) 2 ], 1.82 <m, 2H, NHCH 2 Ctf 2 CH 2 NH) , 
2.68 and 2.90 (m, 4H, NHCtf 2 CH 2 Ctf 2 NH) , 3.55 (s, 3H, 
OCK 2 CH 3 ), 4.29 (S, 2H, Ctf 2 OCH 2 CH 3 ) 5.29 (s, 2H, 
Ctf 2 ), 7.10 and 7.24 (s, 2H, imiH) . HRMS: Calcd. 
10 (M+H) + = 428.2622+; Found: (M+H) + = 428.2624+. 

Anal, calcd. for: C i8 H 33 N7O5; C, 50.57; H, 7.78, 
N, 22.93; Found: C, 51.00, H, 7.80; N, 22.48. 

ExamnlP 2fi 

15 Synthesis Of 3 . 3 , 9 , 9-Tetramefchvl-fi- f 7- 
nitro-lH-imi riazol -1 -vDnroDvl 1 -4 . fl-rH azaundpranp- 

A. Preparation of 2-ATIvl-malnnamiriP * 

Diethyl 2-allyl-malonate (100 g, 0.649 mole) 
was dissolved in methanol (500 mL) and the solution 
was cooled to 0 C in ice bath. Gaseous ammonia was 
bubbled into the solution to saturation while the 
solution was cooled in an ice bath. The reaction 
mixture was sealed and stirred at room temperature 
for 20 hours. Solvent and ammonia were removed by 
rotary evaporation, and the residue was washed with 
ether to give the title product as a white solid. 
This was used for the next step without further 
purification. Yield: 76.5 g (92%). mp: 168-169°C. 
1H NMR (DMSO) 6 2.4 (m, 2H, CH 2 CH=CH 2 ); 3.0 (t, 1H, 
COCHCO); 5.0 (m, 2H, CH 2 CH=CH 2 ); 5.7 (m, 1H, 
CH 2 CH=CH 2 ); 7.0 (bs, 2H, CONH 2 ); 7.3 (bs, 2H, 
CONH 2 ) . 



- 113 - 



RB90b 



B. Preparation of 2-M lvl-w.w - di-t-Boc-l . 3- 

propanedianunft 

To a slurry of lithium aluminum hydride 
5 (11.8 g, 0.3 mol) in dimethoxy ethane (300 mL) was 
added a warm solution of 2-allyl-malonamide (14.2 
g, 0.1 mole) in dimethoxyethane (800 mL) over a 
period of 1 hour. The reaction mixture was stirred 
at 50 C for 48 hours. Excess lithium aluminum 

10 hydride was destroyed by the addition of 10% NaOH 
and water and the mixture was stirred at room 
temperature for 2 hours. Di-t-butyldicarbonate 
(50.0 g, 0.23 mole) was added and the reaction 
mixture was stirred for 24 hours. The reaction 

15 mixture was filtered, and the filter cake washed 
with CH2CI2 (250 mL) . The filtrate and the ~ 
washings were collected and evaporated on a rotary 
evaporator to afford a thick viscous oil. This oil 
was purified by column chromatography (silica gel, 

20 hexane: ethyl acetate, 9:1). Fractions containing 
the product were collected, combined, and 
evaporated to give a thick oil which solified on 
standing. Trituration with pentane gave the title 
product as a white solid, mp: 84-87. 5°C. !h NMR 

25 (CDCI3) 8 1.4 (s, 18H, t-Boc), 1.7 (m, 1H, CH) , 
2.85 and 3.22 (m, 4H, CH(CJf 2 NH)), 5.0 (m, 2H, 
Ctf 2 =C), 5.75 (m, 1H, -CH=CH 2 ) . MS: (M+H)+ =315. 

C Preparation Of 2- 17 . 3-Ennyvnr opvl) -N.KT' -rH - 

30 t-Bpc-1 , .Vpropanftli r^minp 

m-Chloroperbenzoic acid (5.0 g, 0.022 mol) 
was added portionwise to a cooled (0°C) solution of 
2-allyl-N,N'-di-t-Boc-l,3-propanediamine (5.0 g, 
0.016 mol) in CH 2 C1 2 (30 mL) , and the solution was 
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stirred for 24 hours. The precipitated m- 
chlorobenzoic acid was removed by filtration and 
the filtrate was taken up in ether (200 mL) . 
Excess m-chloroperbenzoic acid was decomposed by 
the addition of sodium sulfite solution (20%, 10 
mL) . The ether layer separated and was washed with 
a saturated solution of sodium bicarbonate, water 
and dried (Na 2 S04) . Evaporation of ether gave the 
title product as a viscous oil which was used in 
the next step without further purification. Yield: 
5.2 g (98%). 1h NMR (CDCl 3 ) 8 1.5 (m, 3H, CH and 
Ctf 2 CH-), 2,45 and 2.80 (m, 2H, epoxide), 3.0-3.4 
(m, 5H, 1H epoxide and (Ctf 2 NHtBoc) 2 ) , 5.0 and 5.5 
(m, 2H, NJftBoc) . MS: (M+H) + =330. 

D. Preparation of 7- fS-Hvdrnxv-l- ( 7- 

nitroimir:a7Qlv1 ] -nronyl ) -N. w ; w H-t-Bor-1 . 3 - 

propanfirtiflminfi 

2-(2,3-Epoxypropyl) -N,N' -di-t-Boc-1, 3- 
propanediamine (1.0 g, 0.003 mol) was added to a 
mixture of 2-nitroimidazole (500 mg) and potassium 
carbonate (70 mg) in ethanol (50 mL) . The mixture 
was refluxed under nitrogen for 12 hours. The 
reaction mixture was cooled and filtered. The 
precipitate was washed with water and the off-white 
solid thus obtained was air dried. The crude 
product was chromatographed over silica gel 
(CH 2 C1 2 :CH 3 0H 95:5). The UV visible fractions were 
collected and evaporated to give the title product 
as a white solid, which was used in the next step 
without further purification. Yield: 420 mg (28%). 
l H NMR (DMSO) 5 1.2 (m, 2H, CtfCH 2 CHOH- ) , 1.75 (m, 
1H, CHCH 2 CHOH-), 2.9 (m, 4H, CH (CH 2 NHtBoc) 2 ) , 3.9 
(m, 1H, CHOH), 4.1-4.4 (m, 2H, CHOHCH 2 N) , 5.0 (m, 
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1H, OH), 6.65 (m, 2H, N#) , 7.1- and 7.52 (s, 2H, 
imi.H) . MS: (M+H) + = 443. 

E. Preparation of 3- ^-Hydroxy- 3- (7- 

5 nitroimidazolvl) -propyl) -1 , 3-pronanPrtiaminP 

2- (2-Hydroxy-3- (2-nitroimidazolyl) -propyl) - 
N,N'-di-t-Boc-l, 3-propanediamine (0.9 g, 0.002 
mole) was treated with methanolic HCl (5 oil) and 
the mixture was stirred for 30 minutes at room 

10 temperature. Methanol was removed on a rotary 
evaporator and the residue was neutralized with 
methanolic ammonia. The methanolic solution was 
concentrated on a rotary evaporator and the residue 
was dried under vacuum to yield the title product 

15 as a light yellow solid. This solid was used in 
the next step without further purification. Yield: 
0.38 g (80.0%). *H NMR (D 2 0) 5 1.6 (m, 2H, 
Ctf 2 CHOHCH 2 N<) , 2.2 (m, 2H, Ctf(Ctf 2 NH) , 2.98 (m, 2H, 
CH 2 CHOHCH 2 N<) 4.05 (m, 1H, CHDH ), 4.3-4.55 (m, 2H, 

20 CHOHCH 2 N<), 7.1 and 7.32 (s, 2H, NCH=CH) . 

F - Preparation Of 3.3.9. 9-Tpt-ramPt- hyl-6- (7- 

hvdroxv-3-(2-nirro-iH-imid a T oi-i- v n-n- 
PrOPVl ) -4 , 8-diazaunriecane-2 . 1 O-Hi nnp 

2 5 2-Bromo-2-methylbutan-3-one (400 mg, 0.0024 

mol, Example 5) was added to a mixture of the 2- (2- 
hydroxy-3- < 2-nitroimidazolyl) -propyl) -1, 3- 
propanediamine (240 mg, 0.001 mole) and sodium 
bicarbonate (200 mg f 0.00245 mol) in DMF (2 mL) , 

30 and the mixture was stirred at 45°C for 6 hours. 
DMF was removed under reduced pressure and the 
residue was triturated with methylene chloride (3x5 
mL) . Methylene chloride was removed on a rotary 
evaporator and the oil thus obtained was 
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chromatographed over silica gel (CH 2 C1 2 : methanol, 
8:2). UV visible portions were collected and 
evaporated to give the title product diketone as an 
oil. Yield 100 mg (25%). 1h NMR (CDC1 3 ) 5 1.52 
[d, 12H, C<CH 3 ) 2 ], 2.12 (s, 6H. CH 3 >=0), 2.35-3.12 
(m, 5H, CJ/(Ctf 2 NH), 4.1 (ra, 1H. CHOH ), 4.3-4.6 (m. 
2H, CHOHCff 2 N<), 7.1 and 7.42 (s, 2H, NCH=CH) . 

G - PreoaraMon n f v 3 o , o- T ^r a m^ hY i _ r _ f ? _ 

hvdroyv-3-(?-nifrA-iu-i m1 ^ 7 Q 1 . 1 . Yl)nr ^ rv11 _ 
l^diazaundficana^ in-di™* diggin g 

O-Trimethylsilylhydroxylamine (1 mL) was 
added to a solution of 3 , 3 , 9, 9-tetramethyl-6- (2- 

hydroxy-3- (2-nitro-lH-imidazol-l-yl) -n-propyl) -4, 8- 
diazaundecane-2,10-dione (100 mg, 0.00025 mole) in 
methylene chloride (1.0 mL) and the reaction 
mixture was stirred at room temperature for 24 
hours. Methanol was added to the reaction mixture 
and the resultant oil was isolated and 
chromatographed over silica gel (CH 2 C1 2 : methanol, 
9:1). UV visible portions were collected and 
evaporated to give the product. This was dissolved 
in minimum amount of water and freeze dried. The 
freeze dried solid was recrystallized from 
acetonitrile to yield the title product. Yield 45 
mg (25%). mp 185-87°C. 1 H NMR (D 2 0) 5 1.22 [d, 12H, 
C(CH 3 ) 2 ], 1.80 (s. 6H, CH 3 >=N), 2.8 (m, 5H, 
Ctf(Ctf 2 NH), 3.82 (m, 1H, CflOH ), 4.2-4.58 (m, 2H, 
CHOHCff 2 N<), 7.1 and 7.32 (s, 2H, NCH=CH) . MS: 
Calcd for C 19 H 36N o 5 442.2778 (M + H)+. Found. 
442.2781. 
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Synthesis of 1 . 3 , 9 . Q-TPi-r*methv1 -i - M -mPt-hvl -9- 
nitrg-lH-imi flazol -1 -vl ) -4 . 8-diaz*nnfipr *ne-2 , m. 

A. Preparation of 1- f 4-Methvl -3 -nitro-lH- 

imidazol-l-vl)-3-methvl-2-hiit-Pn G and 1- (S- 
Methvl-2-nitro-lH-imidazol -1 -yl ) -3-mPthvl -7- 

butene 

3 ,3-Dimethylallyl bromide (14,08 g, 94.49 
mmol) was added to a suspension of anhydrous K2CO3 
(13.0 g, 94.20 mmol) and 4-methyl-2-nitroimidazole 
(10.0 g, 78.74 mmol, D.P. Davies et al, ^ 
Heterocyclic ThPm , 1982, 19, 253-256) in dry 
acetone (100 mL) . The reaction mixture was stirred 
at room temperature under nitrogen atmosphere for 
15 hours. The insoluble inorganic material was 
removed by filtration and the filtrate was 
evaporated to afford a brown paste which was loaded 
onto a silica gel column and eluted with hexane- 
ethyl acetate (8.5:1.5). The fractions containing 
the compound with R f 0.51 (silica gel TLC, hexane- 
ethyl acetate, 7:3) were collected and evaporated 
to afford a solid which was recrystallized from 
ethyl acetate-hexane to provide 1- (4-methyl-2- 
nitro-lH-imidazol-l-yl)-3-methyl-2-butene as a 
light yellow crystalline solid in 60% (9.21 g) 
yield; mp. 53-54° C; *H NMR (CDCI3) 8 1.80 [s, 6H, 
C(OH 3 ) 2 ], 2.26(s, 3H, imi-CH 3 ), 4.97 (d, 2H, J = 
7.26 Hz, NCH 2 ), 5.36 (t, 1H, J = 7.26 Hz, CH 2 CH) 
and 6.90(s, 1H, imi-CH) . 13 c (CDCI3 ) 5 
13.80 (imi-CH 3 ) , 18.16 & 25.70[C(CH 3 ) 2 ] , 
47.76 (NCH 2 ), 117.35(CH 2 CH), 122 . 77 (imi-CH) , 
138.09[C(CH 3 ) 2 ], 139.97 (imi-CCH 3 ) and 143 . 53 (CN0 2 ) . 
MS m/e 196 (M+H)+. 
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The fractions containing the compound with 
Rf 0.41 (silica gel, hexane-ethyl acetate 7:3) were 
pooled and evaporated to provide a solid which was 
recrystallized from ethyl acetate-hexane to afford 

5 1- (5-methyl-2-nitro-lH-imidazol-l-yl) -3-methyl-2- 
butene as a light yellow fluffy solid. Yield: 1.02 
g. (15.2%); mp. 78-79° C; !h NMR (CDC1 3 ) 8 1.75 & 
1.82[2s, 6H, C(CH 3 ) 2 ), 2.32(s, 3H. imi-Ctf 3 ), 
4.97(d, 2H, J = 6.60 Hz, NCtt 2 ), 5.13(t, 1H, J = 

0 6.55 Hz, CH 2 CW and 6.97(8. 1H, imi-Ctf) . 13 c ^ 
(CDCI3) 8 10.35 (imi-CH 3 ) , 18.28 & 25. 62 (C (CH 3 ) 2 ] . 
45.20(NCH 2 ), 117.69 (CH 2 CH), 127.07 (imi-CH) . 
134.49IC(CH 3 ) 2 ], 137.57(imi-CCH 3 ) and 145 . 52 (CN0 2 ) . 
MS m/e 196 (M+H)+. 

5 

B - PrfiPflrflMon Of 3-^h^oro-^-mP^>, Y ^- ? - n i t ■Tn g n- 

1 - H-mprhvl =2=113 tja^ia^judagfl] - 1 
Concentrated HC1 (20 mL) was added from an 
addition flask to a mixture of 1- (4-methy'l-2-nitro- 
) lH-imidazol-l-yl)-3-methyl-2-butene (5.0 g, 25.64) 
and isoamyl nitrite (20 mL) . keeping the 
temperature in the range of 0°C to 5°c. After the 
addition the reaction mixture was stirred at ice- 
cold temperature for 30 minutes. The solid which 
formed was removed by filtration and washed with 
ice-cold ethanol. The solid was dispersed in 
acetonitrile. cooled to 0°C and filtered to provide 
the title product as a light blue colored solid; 
yield: 4.97 g (62%); mp. 110-113° C (decomp) ; 1 H 
NMR (DMSO-d 6 ) 8 1.81[s. 6H, C(CH 3 ) 2 ], 2 .16(s, 3H. 
imi-CH 3 ), 5.36(s, 2H, NCtf 2 ) , 7.12 (s, 1H, imi-CH) 
and ll.?8(s, 1H, NOH) . MS m/e 261 (M+H) + . 
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C. Preparation of 3 . 3 . 9 . g-Tetr«m»f:hvl-:i - (4- 

methvl-2--nitro-lH-iiTnd a znl -1 > v i 1-4 fl- 
diazaundecane-2!l0-dione dioxiTn* 
3-Chloro-3-methyl-2-nitroso-l- (4-methyl-2- ' 
nitro-lH-imidazol-l-yl) butane (3.41 g, 13.09 mmol) 
was added in portions to a stirred solution of tf- 
(3-aminopropyl) -1-amino-l, l-dimethyl-2-butanone 
oxime (2.0 g, 11.56 mmol, Example 1) and (i-Pr)2NEt 
(1.64 g # 13.09 mmol) in dry acetonitrile (20 mL) at 

o 

50 C under a nitrogen atmosphere. After the 
addition the reaction mixture was stirred for an 
additional 2 hours at 50°C and cooled to room 
temperature. The solid which formed was filtered 
and recrystallized from acetonitrile to provide the 
title product as a light yellow colored solid. 
Yield: 3.08 g (59.4%); mp. 140-141°C; NMR TdmSO- 
d 6 ) 6 1.12 & l.lS[2s, 6H, C(Ctf 3 ) 2 ], 1.33 (m, 2H, 
CH 2 Ctf 2 CH 2 ), 1.701s, 3H, C(=N)Ctf 3 ], 1.79 (bs, 2H, 
NH), 2.15 <s, 3H, imi-Ctf 3 ), 2,19<m, 4H, NHCH 2 ) . 
5.19[s, 2H, NCH 2 C(=N)J, 7.05(s, 1H, imi-CH) and 
10.33 & 11.36 (2s, 2H, NO/f) . MS m/e 398 (M+H) + . 

Examnlfi 2ft 

Synthesis Qf 1.?,9,9-Tpframprhvl-1-fS-mPfh y l-v 
nitro-lH-inii darol-l-vl ) - 4 . ft-dia7*undfiranP-3 , 10- 
dione dinxiitiP 

A. Preparation of l-cMnrn-i-m*th yi-2-nirm*n- 
l-(5-mftr.hv1-2-nifrn-lH-imid a 7Ql -l-vl )hif a n P 
3 -Chloro -3 -me thy 1 -2 -ni troso - 1 - ( 5 -methyl - 2 - 
nitro-lH-imidazol-l-yl) butane was prepared in 60% 
yield from 1- (5-methyl-2-nitro-lH-imidazol-l-yl) -3- 
methyl-2-butene (1.0 g, 5.12 mmol, Example 27), 
isoamyl nitrite (5.0 mL) and concentrated HC1 (5.0 
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0 



5 



mL) following the procedure described for the 
preparation of its positional isomer (Example 27B) 
as a light blue solid; mp. 102-105°C (decomp) ; 1h 
NMR (DMSO-d 6 ) 8 1.73[s, 6H. C(CH 3 ) 2 ), 2.32 (s. 3H, 
imi-Ctf 3 ), 5.53 (s, 2H, NCtf 2 ) . 6.97 (s, 1H. imi-Ctf) 
and 11.58(s, 1H, NOH) . MS m/e 261 (M+H) + . 

B - Preparation r>f v 3 0 0-1^1-™,^ v, y i -1 - f v 

methv1-2-m>rn-iH--im^ q7o1 -i_ v n_ / i 
diazaunneran^-? . i n-H^n a ^ ^ ^ 
3.3,9,9 -Tetramethyl -1- ( 5 -methyl -2 -nitro-lH- 
imidazol-l-yl)-4,8-dia 2 aundecane-2,10-dione dioxime 
was synthesized in 58% (0.66 g) yield as a yellow 
crystalline solid from 3-chloro-3-methyl-2-nitroso- 
l-(5-methyl-2-nitroimidazolyl)butane (0.75 g, 2.88 
mmol ) , N- ( 3 -aminopropy 1 ) - 1 -amino -1,1 -dimethyl^ - 
butanone oxime (0.45 g, 2.60 mmol, Example 1) and 
(i-Pr) 2 NEt (0.37 g, 28.62 mmol) in dry acetonitrile 
(10 mL) at 50°C following the method described for 
the preparation of its positional isomer (Example 
27C); mp. 150-152O C ; 1 H NMR (DMSO-d 6 ) 8 1.01 & 
1.13 [2s. 6H, C(Ctf 3 ) 2 ], 1.40(m, 2H, CH 2 CH 2 CH 2 ) , 

I. 68(bs, 2H, NH), 1.71[s. 3H, C(=N)Ctf 3 ], 2.25(s, 
3H, imi-Cff 3 ), 2.20(m, 4H, NHCff 2 ), 5.36[s, 2H, 
NCH 2 C(=N)], 6.91(s, 1H, imi-Cff) and 10.36 & 

II. 06(2s, 2H, NOH) . MS m/e 398 (M+H)+. 

Examnlp 90 

aattftsaifi of rhf 99m Tr Comal^as of 

Lioands of Py flm pl Pfi ?-j ^ n ?fl 

The 99mr c complexes of the ligands prepared 
in Examples 23 to 28 above were prepared as 
follows: 
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The ligand prepared as the title compound of 
the Example (9 Hmoles; 3.6 to 4.1 mg, the latter 
depending on the molecular weight of the ligand) 
was dissolved in methanol (0.1 ml) in a 5 ml glass 
5 vial, and 0.1 M NaHC03 buffer (0.5 ml), 0.9% 
saline, and 99 Mo/ 99tn Tc generator eluate (total 
saline/eluate volume a 1.4 ml) were added. The 
vial was sealed, and a saturated solution of 
stannous tartrate in saline (50 Hi) was added to 

10 the vial. The vial was shaken to mix the 

reagents, and allowed to stand at room temperature 
for 3 minutes. The radiochemical purities (RCP) of 
• the 99m Tc complexes were measured by reversed phase 
HPLC as described above in Example 7a. All ligands 

15 labeled to give RCP values >94% within 3 minutes 
after mixing. The complexes so obtained from -the 
ligands of Examples 23 to 28 were, respectively: 
Oxo [ [3 , 3,6,9, 9-pentamethyl-l- (2-nitro-lH- 
imidazol-l-yl ) -4 , 8-diazaundecane-2 , 10-dione 

20 dioximato] (3-)-N,N' ,N",N" 1 ] technetium- 99m Tc (V) ; 

Oxo [ [12-methoxycarbonyl-3 ,3,9, 9-tetramethyl- 
1- (2-nitro-lH-imidazol-l-yl) -4, 8-diazadode- 
cane-2, 10-dione dioximato] (3-)-N,N' ,N',N" 1 ] tech- 
netium- 99 ^ (V) ; 

25 Oxo( [ll-ethoxy-3,3,9,9-tetramethyl-l- (2- 

nitro-lH-imidazol-l-yl) -4, 8-diazaundecane-2 , 10- 
dione dioximato] (3- ) -N,N* ,N" ,N- ' ] tech- 
netium- 99 ^ (V) ; 

Oxo[ [3,3,9,9-tetramethyl-6-[2-hydroxy-3- (2- 

30 nitro-lH-imidazol-l-yl)propyl] -4, 8-diazaundecane- 
2, 10-dione dioximato] (3-)-N,N' ,N W ,N" 1 ] tech- 
netium- 99m Tc (V) ; 

Oxo[ [3 , 3,9 ,9-tetramethyl-l- (4-methyl-2- 
nitro-lH-imidazol-l-yl) -4, 8-diazaundecane-2 , 10- 
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dione dioximato] - (3-) -N,N* ,N",N" •] tech- 
netium-" 111 ^ (V) ; and 

Oxo [[3,3,9 , 9-tetramethyl-l- (5-methyl-2- 
nitro-lH-imidazol-l-yl) -4, 8-diazaundecane-2, 10- 
dione dioximato] - (3-) -N,N' ,N",N" ^tech- 
net ium- 9 9m Tc (V) . 

ExamnlP 10 

6,6-Diflnoro-l 3 Q . 9-r.pf.rampt-hvl -12-(9 -nirro-lw- 
i m i daZOl -1-vl ) -4 , 8-diazadortprane-2 . 10-H i ong dioximp 

A. 1 , 2-Diamino-2 . 2-rii f luoronrnpanp 

dihvdrorhlnr-iHp 

To a suspension of 2,2-difluoromalonamide 
(10 g, 90%, 65,22 mmol) in dry tetrahydrofuran 
(THF) (20 mL) was added BH3-THF (350 mmol, 1M,~350 
mL) dropwise from a syringe over a period of 30 
minutes. The reaction mixture was then stirred at 
45 C under nitrogen atmosphere for 24 hours. To 
the ice-cold reaction mixture HC1 (2N, 50 mL) was 
added and the reaction mixture was stirred for 30 
minutes. The solvent was then removed on a rotary 
evaporator and the semi-solid thus obtained was 
dissolved in water (100 mL) , and treated with di-t- 
butyl dicarbonate (32.0 g, 147.8 mmol) in dioxane 
(200 mL) and Na 2 C0 3 (30.0 g, 280 mmol). After 
stirring overnight at ambient temperature, the 
reaction mixture was concentrated (50 mL) , and 
extracted with ethyl acetate (4 x 75 mL) .. The 
combined extracts gave a colorless solid on 
evaporation under vacuum. For further 
purification, the compound (impregnated with silica 
gel) was loaded onto a silica gel column and eluted 
with a hexane-ethyl acetate (7:3) solvent mixture. 
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The fractions with compound were collected and 
evaporated to provide 1,3-bis-N-t-butyloxycarbonyl- 
2,2-difluoropropanediamine as a colorless 
crystalline solid in 48% yield (9.70 g) ; TLC 
[silica gel, hexane-ethyl acetate (6:4)] Rf 0.54; 
mp. 125-125°C; *H NMR (CDC1 3 ) d 1.45 [s, 18H, 
C(CH 3 ) 3 ), 3.52 (ra, 4H, NHCtf 2 > and 5.26 (bt, 2H ( UH) . 
MS m/e 311 (M+H) + . 

A solution of 1,3-bis-N-t-butyloxycarbonyl- 
2,2-difluoropropanediamine (4.5 g, 14.52 mmol) in 
CH3OH (5 mL) was treated with methanolic HC1 (5 mL) 
at 0 C and stirred for 20 minutes. The removal of 
the volatiles under vacuum afforded a colorless 
crystalline solid of 1, 3-diamino-2, 2- 
difluoropropane as a hydrochloride salt in near 
quantitative yield (4.85 g) ; mp. 187-190°C; ^H* NMR 
(D 2 0) d 3.62 (t, J HF = 16.20 Hz, 4H, NHCH 2 ) . MS m/e 
111 (M+H) + . 

B - 4- (3-AminO-2 , 2-rii flunmnrn pvl aminnUA- 

methvl -1 - (3-nitro-l H-imida^ol .1 - Y 1 ) - y 
pentanonp nvimp 

To a mixture of l f 3-diamino-2,2- 
difluoropropane dihydrochloride (title A diamine) 
(1.10 g, 6.01 mmol) and N,N-diisopropylethylamine 
(2.72 g, 21.04 mmol) in acetonitrile (10 mL) at 
40°C was added 4-chloro-4-methyl-l- (2-nitro-lH- 
imidazol~l-yl)-3-nitrosopentane (Example 3, step 
(B) ) (0.50 g, 1.90 mmol) in small portions with 
stirring under nitrogen atmosphere. After the 
addition, the stirring was continued for an 
additional 30 minutes and the solvent was removed 
on a rotary evaporator. The paste obtained was 
treated with silica gel and the silica gel powder 
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impregnated with the compound was loaded onto a 
silica gel column and eluted with CH3OH-CH2CI2 
(5:95), The fractions containing compound were 
collected and evaporated to give the title product 
as a light yellow colored solid. Yield: 0.42 g 
(66%), mp. 112-114°C; NMR (CDCI3) d 1.19[s, 6H, 
C(Ctf 3 ) 2 ], 2.88 [m, 4H, C(=N)CH 2 & NHCtf 2 ] , 3.71(t, 
3H, J HF = 13.19 Hz, Ctf 2 NH 2 ), 4.72 (t, 2H, J= 7.26, 
CH 2 Ctf 2 N), 7.11 & 7.26(2s, 2H, nitroimid-H) and 
10.79 (s, 1H, NOH) . MS m/e 335 (M+H)+. 

C 6 , 6-Pi f hloro-3 ,3.9. 9-tetrantPt-h^l -1 7- 

(2-nir.ro-lH-imiria7n1 -1 -vl ) -4 fi-H iazarinrlP- 
cane-2. 10-dionP diovimo 
A clear solution of 4- (3-amino-2 , 2- 
dif luoropropylamino) -4 -methyl- 1- (2- ~ 
nitro-lH-imidazoI-l-yl)-3-pentanone oxime (title B 
compound) (0.40 g, 1.20 mmol) and N,N- 
diisopropylethylamine (0.42 g, 3.32 mmol)- in 
acetonitrile (5 mL) was treated with 3-chloro-3- 
methyl-2-nitrosobutane (prepared analogously to 3- 
chloro-3-methyl-2-nitroisobutane, Example 1, step 
(B) ) (0,45 g, 3.32 mmol) with stirring at room 
temperature under nitrogen atmosphere for 2 hours. 
After evaporation of the solvent under vacuum, the 
paste thus obtained was loaded, as a powder 
adsorbed on silica gel, onto a silica gel column 
and eluted with methanol-dichloromethane (2:98), 
The fractions with compound were pooled together 
and evaporated to afford the title product, which 
was further purified by crystallization from 
CH 2 C1 2 -CH30H to a cream colored solid. Yield: 0,45 
g (88%); mp. 90-92° C; *H NMR (DMSO-d 6 ) d 1.12 [s, 
12H, C(Ctf 3 ) 2 ], 1.70[s, 3H, C(=NOH)Ctf 3 ], 2.18 & 
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2.22<2t, 2H, NH) , 2.62(m, 4H, CH 2 CF 2 ), 2.80(t, 2H, 
J = 7.25 Hz, CH 2 CH 2 N), 4.61(t, 2H, J = 7.25 Hz, 
CH 2 CH 2 N), 7.15 & 7.52 (2s, 2H, imi-H) and 10.46 & 
10. 90 (2s, 2H, NOH) . MS m/e 434 (M+H) + . Anal. Calcd 

5 for Ci7H 2 9N704F 2 : C, 47.11; H, 7.74; N, 22.62; F, 
8.77. Found: C, 47.28; H, 6.54; N, 22.79; F, 8.53. 
HPLC: Retention time: 20.74 min [Microsorb-Cis, 
0.46 x 25 cm, 5m; solvent: 0.1% trif luoroacetic 
acid (TFA) /water (A) and 0.1% TFA/acetonitrile (B) ; 

10 flow rate: 1,0 mL/min.; run condition: linear 

gradient, 1% increase in B per min.; ran at 230 and 
254 nm for 50 min.; in both cases a single peak was 
observed; 98.95% (230 nm) and 100% (254 nm) ] . 

15 Example 31 

3-3.9 , 9-Tef.ramethvl-l-r2-hvdroxv-3- (2-nitre- 
IH-imiriazol-l-vl )nropoxv1 -4 . 8-diazaundecane-2 . 10- 

20 A. 3.3-DimethvlalIvlalvcirivl ether 

To a solution of dimethylallyl alcohol (17.3 
g, 20.5 mL, 0.2 mol) in dry THF (200 mL) , sodium 
hydride (4.8 g, 0.2 mol) was added in portions and 
the mixture was stirred at room temperature for 1 

25 hour. Epibromohydrin (27.4 g, 17.12 mL, 0.2 mol) 
was added to this reaction mixture dropwise and the 
mixture was stirred at room temperature for 24 
hours. THF was removed on a rotary evaporator and 
the residue was taken up in ether and filtered. The 

30 ether solution was concentrated on a rotary 

evaporator and the brown oil obtained was distilled 
under vacuum to yield the title product, bp. 93- 
94°C/10mm. Yield: 17.2 g (60.5%). X H NMR (CDCI3) 5 
1.68 and 1.75 (s, 6H, CH3) , 2.61 and 2.88 (dd,2H, 
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oxirane CH 2 ), 3.17 (m, 1H, oxirane CH) , 3.38 and 
3.7 (m, 2H, CH 2 OCH 2 CH). 4.05 <m, 2H, Ctf 2 OCH 2 CH) , 
5.35 (m, 1H, >C=CH). 

5 B . i - r?-Hvrtrow-?- r2-nirro-lH-imidaznl-l-vl) = 

pronvlri impi-hvlallvl ether 
To a mixture of 3, 3-dimethylallylglycidyl 
ether (title A epoxide) (9.0 g, 0.063 mol) and 2- 
nitroimidazole (7.2 g f 0.063 mol) in ethanol (75 
10 mL), potassium carbonate (0.75 g, 0.005 mol) was 
added and the mixture was refluxed in an oil bath 
for 4 hours. The reaction mixture was cooled and 
poured into water. The yellow solid which formed 
was filtered and recrystallized from aqueous 
15 ethanol to yield the title product. Yield: 12.2 g 
(76%). mp: 72-73°C. X H NMR (CDCI3) 5 1.62 and 4. 78 
(s, 6H, CH3) , 2.78 <d, 1H, OH), 3.4 and 3.58(m, 
2H, CHOHCH 2 0), 4.0 <d, 1H, CflOH) , 4.40 and 4.68 (m, 
2H, CHOHCH 2 N) 5.35 (m, 1H, >C=CK) , 7.1 and 7.3 (s, 
20 2H, imiH) . Anal, calcd. for C18H17N3O4: C, 51.76; 
H, 7.71; N, 16.46. Found: C, 51.60; H, 6.48; N, 
16.42. 

C. 3 -rhl oro- 3 - f 7 -hvrirow- 3 - ( 2 -ni tro-lH- 

25 imida7Ql-1-vnnropQxv1 -Vmef.hvl-2- 

nifrnsnhntane 

To a cooled (0-5°C) stirred slurry of l-[2- 
hydroxy-3 - ( 2 -nitro-lH- imidazol-1 -y 1 ) propyl - 
dimethylallyl ether (7.0 g, 0.0275 mol) in isoamyl 
30 nitrite (43 g, 50 mL, 0.042 mol) was added 

concentrated hydrochloric acid (2.5 mL, 0.03 mol) 
with stirring. The reaction mixture was maintained 
below 5°C during the addition and stirred at 5 C 
for an additional 2 hrs. The solid formed was 
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stirred with cold ether-ethanol (3:1, 150 mL) , 
filtered and dried under vacuum to yield the title 
product. Yield: 5.8 g (67%). rap: 116-117°C dec. 
1HNMR (DMSO) 6 1.55 and 1.62 [s, 6H, CH 3 ], 3.35 <m, 
4H, CH 2 OCH2CHOH) , 3.82 (m, 1H, CHOH) , 4.1-4.52 (m, 
2H, CHOHCtf 2 N<), 5.3 (m, 1H, CHOH), 6.0(dd, 1H, 
CHNO), 7.15 and 7.42 (s, 2H, imi H) . 

D. 3.3.9 , 9-TetramPfhvl - 1 - \7 -hyHrnvy-^ - 

(2-nitro-lH-imirta?ol-l-v1 ^rnnnvyl -4 . fi- 
diazaundecane-2.10-rtione dinvim^ 
A slurry of 3-chloro-l- [2-hydroxy-3- (2- 
ni t ro - 1H- imidaz ol - 1 -y 1 ) propoxy ] - 3 -methyl - 2 - 
nitrosobutane (3.2 g, 0.01 mol) in acetonitrile (35 
mL) was maintained at 40°C for 30 minutes. To this 
slurry was added a solution of N- ( 3 -arainopropyl ) - 1 - 
amino-l,l-dimethyl-2-butanoneoxime (1.73 g, 0.01 
mol) in acetonitrile (10 mL) and 
diisopropylethylamine (1.5 g, 0.012 mol) <and the 
mixture was maintained at 40°C for 48 hrs. The 
solid which formed was filtered and the 
acetonitrile solution was evaporated on a rotary 
evaporator to give a green viscous oil which was 
dried under vacuum. The foamy solid obtained was 
triturated with acetonitrile to afford a thick oil 
which solidified on standing. This was purified by 
column chromatography (CH2CI2 :CH30H, 7:3, 50:50)). 
The fractions containing the product were collected 
and evaporated to give an oil which was dried under 
vacuum and triturated with acetonitrile to give a 
white solid. It was recrystallized from ethyl 
acetate to yield the title product. Yield: 1.2 g 
(26%). mp: 134-35°C. MS: (M+H)+= 458 + - X H NMR 
(DMSO) 5 1.05 and 1.16 [s, 12H, C(CH 3 ) 2 ], 1.38 (m, 



- 128 - 



RB90b 



2H, NHCH2CH2CH2NH) . 1.72 (s, 3H, CH 3 ) , 2.2 <m, 2H, 
NHCH 2 CH 2 C/f2NH) , 3.38 (m, 4H, CH 2 OCH 2 CHOH) , 3.8 <m, 
2H, OCH 2 .C/iOH), 4.28 and 4.6 (m, 3H, CflOHCf* 2 N<) , 
7.12 and 7.58 (s, 2H, imi H) , 10.4 and 10.85 (s, 
2H, NOH) . Anal. Calcd for C19H35N7O5: C, 49.88; H, 
7.71; N, 21.43. Found: C, 49.80; H, 7.79; N, 21.47. 

6-HVdroxv-V! 2 ^t^r^hvi-ia-fa-Hrrn-ni- 
A. 4-Methvl -1 = (2-ni t.ro-lH-inn^ni -i - v i \ 

pentene, 

5-Bromo-2-methyl-2-pentene (25 g, 0.154 mol) 
was dissolved in dry dimethyl formamide (DMF) (200 
raL) . To the solution was added K2CO3 (21.3 g7 
0.154 mol) and 2-nitroimidazole (17.4 g, 0.154 
mol) . The mixture was stirred under N 2 atmosphere 

o 

at 75 C for 48 hours. DMF was evaporated" on a 
rotary evaporator. The yellow gummy residue was 
stirred with water (150 ml*) to give yellow solid, 
which was dissolved in diethyl ether (150 mL) , 
dried over Na2SC>4 and evaporated on a rotary 
evaporator to yield the title product. Yield 27.8 
g (92%). mp: 49-51°C MS: (M+H)+=196, M + =195. *H 
NMR (CDCI3) 8 1.45 and 1.68 (s, 6H, gem-di-Ctf 3 ) , 
2.52 (q, 2H, Ctf 2 CH=), 4.43 [t, 2H, Ctf 2 -(2- 
nitroimidazolyl) ] , 5.08 (t, 1H, CH 2 CH=), 7.05 and 
7.14 (s, 2H, 2-nitroimidazolyl-tf) . 

B - l-ChlPrO-4-methvl -1 - H-i m idazol -1 = 

Vl)-3-nitrosonpnt-ang 

4-Methyl-lM2-nitro-lH-imidazol-l-yl) -3- 
pentene (8 g, 41 mmol) was dissolved in isoamyl 
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nitrite (50 mL) at room temperature. The solution 
was cooled to 0°C in an ice-salt bath and 
concentrated HC1 (12 mL) was added dropwise. The 
reaction temperature was maintained between 3-5°C 
during the HC1 addition; the reaction was stirred 
in an ice-salt bath for 45 minutes after the 
addition of HC1. The product was filtered, washed 
with ethanol-ether (1:2) and dried in vacuum to 
give 8.6 g (81%) of the title product as a white 
solid; mp: 96-97°C. MS: (M+H) + =261, M + =260. 3-H 
NMR (DMSO-d 6 ) 8 1.70 (s, 6H, gem-di-Ctf 3 ), 2.94 (t, 
2H, Ctf 2 C=NOH), 4.65 [t, 2H, Ctf 2 -(2- 
nitroimidazole) ] , 7.16 and 7.52 (s, 2H, 2- 
nitroimidazolyl-tf) , 11.43 (s, 1H, CH 2 C=NOH) . 

c - 3"r3-Amino-2-hvdroxvlDronv1aTninQ-^-mpr^vi-^. 

Qximinnhn:- a np 

To a stirring solution of 1, 3-diamino-2- 
hydroxypropane (9.0 g, 0.1 mol) in aceton'itrile 
(100 mL), was added anhydrous potassium carbonate 
(14.0 g, 0.1 mol). The mixture was cooled to 0°C 
and 3-chloro-3-methyl-2-nitrosobutane (13.5 g, 0.1 
mol) (prepared according to E. G. Vassian et al., 
Inorg. Chem. , 1967, 2043-2046) was added in 
portions over a period of 2 hours. After the 
addition, the reaction. mixture was stirred at room 
temperature for 2 hours and then heated under 
reflux for 6 hours. The mixture was cooled and 
filtered and washed with acetonitrile. The 
combined organic layer was concentrated to a paste 
and treated with saturated methanolic HC1 (100 mL) . 
The solution was again concentrated to a paste and 
then crystallized from methanol twice to yield the 
title product as a colorless HCl salt. Yield : 
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10.5 g (48%). m. p. >185°C (dec). 1h NMR (d 2 0) 
5 1.45 (s, 6H, C-CH 3 ), 1.8 (s, 3H, N=C-CH 3 ), 3.0 
(m, 4H, N-CH 2 ) and 4.1 (m, 1H, O-CH) . 

D - S-hYrimrv-l 3 , 9 . 9-tPt-ramPi-hvi -t?- (7 >- n1 rrr _ 
lH-imirtayni -i -vi > -& . a^diflgadadecana^ ,1ft- 

dionp rtinvi^p 

3 - [ 3 -Amino-2 -hydroxy ] propylamino-3 -methyl-2 - 
oximinobutane hydrochloride (5.4 g, 0.25 mol) was 
neutralized with methanolic ammonia and evaporated 
to a paste which was dried under vacuum for 2 hours 
at room temperature. The dried free base was 
suspended with stirring in dry acetonitrile (50 
mL) , treated with anhydrous potassium carbonate 
(3.5 g, 0.025 mol) and warmed to about 60°C. To 
the above warm solution, 4-chloro-4-methyl-l- (2- 
nitro-lH-imidazol-l-yl)-3-nitrosopentane (7.0 g, 
0.26 mol) was added all at once with stirring; the 
reaction temperature was maintained at 60°C. After 
the monooxime starting material had disappeared 
(16-20 hours), the mixture was filtered and washed 
with acetonitrile. The combined acetonitrile 
solution was concentrated to a paste and then 
chromatographed on a flash column. Elution with 
85:15 EtOAc-CH 3 OH yielded the product as a yellow 
foam. The title product was repeatedly 
crystallized at -20°C from a mixture of ethyl 
acetate (EtOAc) -acetonitrile until a single peak 
was observed on HPLC analysis. Yield: 4.0 g (91% 
pure, 25%). yield of the pure product (99%): 0.3 
g. m.p. 62-64 C. 1h NMR (DMSO-d 6 ) 5 1.5 (s, 12 H, 
C-CH3), 2.1 (s. 3H, N=C-CH 3 ), 2.7 (m, 4H, N-CH 2 ), 
3.2 (t,2H, N=C-CH 2 ). 3.9 (bs. 1H, O-CH), 5.0 t, 
2H. imid-CH 2 ). 7.45 (s, 1H, imid-H) , 8.0 (1H, imid- 
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H). 10.9 (g, 1H, N-OH) and 11.2 (s, 1H, N-OH) 
HRMS: Calcd for ^71^705, 414.2476; Found 
414.2465. Anal, calcd for C 17 H 31 N 7 0 5 . 0.1 EtOAc C, 
47.98; H, 7.87; N, 23.04. Pound C, 48.48; H, 
5 7.59; N, 22.54. 



15 



20 



25 



30 



Egamale "n 

.4.4.10,10-TrrrnmprlTO i n h^„_^ rn 1n in||1) 1 

To a solution of 1, 3-diaminopropane (1.46 g 
15 mmol) in dry acetonitrile (50 mL) was added 
anhydrous potassium carbonate (4.2 g, 30 mmol, and 
the solution was brought to 50-60°C. 4-Chloro-4- 
methyl-l- [2-nitroimidazol-lH-ylJ -3 -nitrosopexitane 
(3.9 g, 30 mmol. Example 3B) was added as a solid 
and the reaction mixture was stirred for 20 hours 
The cooled solution was filtered and thoroughly 
washed with dry acetonitrile. The insoluble solid 
was ground to a powder and suspended in water with 
stirnng. The water insoluble portion was 
filtered, washed with water and air dried, avoiding 
direct exposure to light. The resulting bright 
yellow solid was recrystallized from acetonitrile 

HZ t T e title product as a pale yeiiow soii ^ 
^Ul;\\Tls l01 -"^ (dec.,. i HNMR 

m ' 2H ' C " metl »yls) . 1.78 (m, 2H, 

N-CH 2 -C* 2 -CH 2 - N >. 2.58 (t, 4H, N=C-CH 2 ), 3.21 (t 
«. N-CH 2 >. 4.98 (t, 4H. imi-CH 2 , . 7.58 (s. 2H 
»*-». 7.96 (s. 2H, imi-H, and 11.20 <s, N-OH) . 

523 27 41 ]+ 523.2748; Calcd 

523 2741. Anal. C alc. C 21 H 34 N 10 o 6 .0.56 H 2 0: c 

47.35; H, 6.65; N, 26.29. Found: C. 47.67; H. 
6-48; N, 25.97. 
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Examnlp ^4 
Lioanris nf ^iml rn 

The 99n»Tc complexes of the ligands prepared 
in Examples 30 to 33 above were prepared as 
follows: 

Ligand (2-4 mg) was dissolved in 0.9% NaCl 
saline (1.0 mL) and 0.1 m HC1 (0.1 mL) in a 5 mL 
glass vial, and 0.1 m sodium hydrogen carbonate 
buffer (0.5 mL) . saline, and 99 Mo/"mTc generator 
eluate (total saline/eluate volume = 0.5 mL) was 
added. The vial was sealed, and a saturated 
solution of stannous tartrate in saline (50 jiL) was 
added to the vial. The vial was shaken to mix the 
reagents, and allowed to stand at room temperature. 
The radiochemical purities (RCP) of the "n*r c 
complexes were measured by reversed phase" HPLC as 
described above. All technetium complexes formed 
with RCP >94% after 3 minutes, except for the "mTc 
complex of the ligand of Example 32, which formed 
more slowly (at 5 minutes the RCP was 68%; at 91 
minutes the RCP had increased to 86%) . 
The complexes so obtained from the ligands of 
Examples 30 to 33 were, respectively: 

Oxo[ [6, 6-Dif luoro-3 ,3,9, 9-tetramethyl-12- (2- 
nitro-lH-imidazol-l-yl) -4, 8-diazadodecane-2, 10- 
dione dioximato] (3-) -n,n- ,N*,N' "Jtech- 
netium- 99m Tc (V) 

Oxo[ [3. 3 , 9, 9-Tetramethyl-l- [2-hydroxy- 

3-(2-nitro-lH-imidazol-l-yl)propoxy]-4,8-diazaunde- 
cane-2,10-dione dioximato] (3-) -N.N' ,N" ,N" •] tech- 
netium- 9 9n>Tc (V) ; 
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Oxo[ [6-hydroxy-3,3,9,9-tetramethyl-12- (2- 
nitro-lH-imidazol-l-yl) -4, 8-diazadodecane-2, 10- 
dione dioximato] (3-) -N,N' ,N-,N" ' ]- 
technetium- 9 9m Tc ( V ) . and 

Oxo [ [4 , 4 , 10, 10-tetramethyl-l, 13 -bis ( 2-nitro- 
lH-imidazol-l-yl) -5, 9-diazatridecane-3 , 11-dione 
dioximato] (3-)-N,N\N",N-'] technetium- 9 S^Tc (v) % 



